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By producing improved abdominal mus- 
cle relaxation and intestinal recession, 
Intocostrin helps further these tequire- 
ments for good operative conditions: 
“Maximum comfort for the patient .. . and 
maximum convenience for the surgeon.” * 

In long and complicated abdominal 
operations, the hazard is lessened because 
less anesthesia is required while complete 


abdominal relaxation is maintained. 


For information, address Professional Service 


Intocostrin is a purified, standardized ex 
tract of chondodendron tomentosum, a’ 
selected plant yielding the curare princi- 
ple. It produces muscle relaxation through 
a readily reversible myoneural block. 
Intocostrin has been used advantageously. 
with cyclopropane, ether, nitrous oxide, 
ethylene and intravenous barbiturates. | 


* Cullen, S. C.: Anesthesiology 5;166 (March) 1944, 
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CARCINOMA OF THE CORPUS UTERI 


End-Results af Treatment in 531 Cases from 1926-19 ~ 


HOWARD C. TAYLOR, Jr., M.D., F.A.C.S., and WALTER F. BECKEi 
New York, New York 


ANCER of the uterus, according to 
Bureau of Census statistics, caused 
the death in 1942 of 16,393 Ameri- 
can women. Carcinoma of the endo- 

metrium is probably responsible for a fifth or 
more of these deaths, since the ratio of corpus 
to cervical carcinoma has been variously esti- 
mated by different writers as: 1 to 2.4 (10), 
1 to 3.4 (19), 1 to 4.5 (18), and 1 to 8.2 (17). 
The importance of corpus carcinoma has been 
underestimated, partly because of its supposed 
infrequency, partly because of the persistent 
belief in its good prognosis. 

Statistics on the results of the treatment of 
corpus carcinoma are partly responsible for the 
misconception about this disease. Methods of 
reporting cases of carcinoma of the corpus have 
never been standardized, as they have, for in- 
stance, for cervical cancer. Too many reports 
have been based on cases selected for special 
treatment and the statistical principle of show- 
ing the results upon all cases applying to a 
given institute for treatment has not been fol- 
lowed. In the analysis of the cases to follow, 
the attempt is to be made, with the aid of data 
from several contributions in the literature, to 
answer certain questions about cancer of the 
corpus. 

The series to be reported includes all histo- 
logically proved cases of carcinoma of the cor- 


From the Gynecological Division of the Memorial Hospital, 
New York. 


pus uteri in patients admitted to the Memorial 
Hospital during the 15 year period from 1926 
to 1940.! Only 7 patients are excluded, 5 who 
refused treatment and 2 who were referred 
back to the institution that had initiated treat- 
ment. Of the 531 patients considered. 368 had 
received no treatment prior to their admission 
to the Memorial Hospital and will be referred 
to as “primary” cases; 163 had received pre- 
vious treatment elsewhere and will be termed 
“secondary”’ cases. 

This report is concerned primarily with end- 
results. Etiologic factors such as age incidence, 
parity, marital status and the menopause, and 
symptomatology will be referred to only briefly. 
Pathology and therapy will be discussed in re- 
lation to end-results. 


ETIOLOGIC FACTORS 


Age. The average age for the group of pri- 
mary cases was 57.4 years, the standard devia- 
tion from the mean 8.8 years. The youngest 
patient was 30 years old and the oldest 79 
The 5 year period of greatest incidence w - 
60 to 64, and 42 per cent of the patients fall 
in the decade between 55 and 64 years of age: 
The age distribution by 5 year periods is pre- 
sented in Table I. 

Marital status. Of the patients on whom 


data were available 88.5 per cent were mar- 

These patients were treated under the immediate direction of 
Dr. William P. Healy who was in charge of the Gynecological 
Division during the years of this report. 
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TABLE I.—AGE DISTRIBUTION 
Age group 


19.3 
22.8 
15.0 

5-9 


100.0 


ried or widowed; 11.5 per cent had never mar- 
ried. The figure for the single women does not 
differ greatly from that of a United States 
Census report which stated that in 1940, in 
the New York-Northeastern New Jersey Met- 
ropolitan area, 12.1 per cent of women over 35 
were unmarried (22). A report by the British 
Clinical Cancer Research Committee (1) in 
1941, which compared the ratios of married 
and widowed to single women among the pa- 
tients suffering from cancer with that to be 
expected among living women at separate age 
groups, showed that the liability to carcinoma 
of the corpus is somewhat less among married 
and widowed than among single women. Pack 
and LeFevre noted that the percentage of sin- 
gle women with cancer of the body of the uterus 
was four times as great as the percentage of 
single women with carcinoma of the cervix. 
Parity. The parity was recorded in the his- 
tories of 461 patients. Of these, 31.5 per cent 
had never conceived, and all the pregnancies 
of 3.9 per cent had ended in abortion; that is, 
35-4 per cent had never had a full term preg- 
nancy. In 1940 in the New York-Northeastern 
New Jersey Metropolitan area, of women 35 
years old and over who had ever married, 16.7 
per cent had never borne a child (22). The 
statistics in the Memorial Hospital series indi- 


cate, then, that women destined to develop . 


corpus cancer marry with about the normal 
frequency but then exhibit a relatively high 
degree of infertility.’ 


1While the 1930 population, for which figures are not available, would 
be a more suitable comparison year, the proportions of single and child- 
less women in 1940 are presumably at least as great as in 1930. Conse- 
quently, differences between the corpus series and the comparison pop- 
ulation will be underestimated rather than overestimated. Mrs. Ruth F. 
Salt, biometrician in the Statistics Department at Memorial Hospital, 
points out that the true differences between women with cancer of the 
corpus and women in the general population cannot be determined until 
groups of similar age, income level, education, age at marriage, occupa- 
tion of spouse, etc., are compared. Death rates from cancer of the corpus 
for single, married, parous and nonparous women should also be compared 
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TABLE II.—ONSET OF SYMPTOMS IN RELATION 
TO THE MENOPAUSE 

Per cent 

21.17 

4-97 

73.86 


Menopause not yet reached 

Menopause was artificially induced 

Patient past the menopause 34 
Average age of natural menopause—48.5 years 


Menopause. The average age of the natural 
menopause was 48.5 years. As indicated in 
Table II, 73.86 per cent of the patients were 
in the postmenopausal period, 21.17 per cent 
had not yet reached the menopause, and there 
had been an artificially induced menopause in 
4.97 per cent of the cases. Data were lacking 
on 12.8 per cent of the patients. 

Associated primary carcinomas. ‘Twenty-two 
of the patients had more than one primary car- 
cinoma, making the incidence of double pri- 
maries 4 per cent. The frequency with which 
the other primary carcinomas occurred in par- 
ticular sites was as follows: breast, 11; cer- 
vix, 3; vulva, 2; large bowel, 2; kidney, 1; 
esophagus, 1; bladder, 1; and lymphosarco- 
ma, 1. Warren and Gates reported an inci- 
dence of 3.7 per cent in their series of 1,078 
cancer autopsies. Hurt and Broders found 
that the frequency of multiple primary tu- 
mors among 2,124 patients with malignant 
tumors treated at the Mayo Clinic in the 
calendar year 1929 was 3.34 per cent. Among 
the 2,124 patients studied by Hurt and Bro- 
ders, there were 71 cases of multiple malignant 
lesions. There were 8 cases of endometrial 
adenocarcinoma, and in every instance the as- 
sociated lesion was in the breast or genitalia. 


SYMPTOMATOLOGY 


Vaginal bleeding was a symptom in 96.6 per 
cent of the cases, but was usually slight, char- 
acterized by the patient as “‘staining”’ or “‘spot- 
ting.”’ In those women who had not yet reached 
the menopause, menorrhagia of many years’ 
duration was not an uncommon complaint al- 
though more often the bleeding was of the in- 
termenstrual type. The commonest picture of 
all was, of course, postmenopausal bleeding. 
An associated vaginal discharge was mentioned 
in the histories of 57 per cent of the cases. 
Twenty-two per cent of the patients were com- 
plaining of pain at the time of admission to the 
hospital. 














TABLE IIIl.—RELATION OF DURATION OF SYMP- 
TOMS TO END-RESULTS 





Duration of symptoms Cas Five year cures 
in months Number Percent Number Per cent 

Leos than 6... <0. csces 125 35-92 48 38.4 
ee ere 82 23.56 33 40.2 
SAO core races 65 18.68 27 41.6 
| ee eer rT eT 33 9.48 13 39-4 
Ce ER eee 16 4-59 8 50.0 
a Se peer 7 2.01 2 28.6 
GO GP MINE... kein wees 20 5-76 10 50.0 
, | ner 348 100.00 I4I 40.5 


The average duration of symptoms before 
treatment for the primary cases was 15 months. 
The histories tend to confirm the opinion that 
carcinoma of the corpus uteri is often slow in 
growth and may extend beyond the uterus 
only after many months or years. Yet there 
was evidently great variability in this respect. 
Several of the patients who had disease in an 
advanced stage had experienced symptoms for 
only a few days, while many of those whose 
symptoms were of several years’ duration were 
found to have a normal sized uterus with the 
cancer still confined to that organ. 

It was surprising also that, at least in this 
series, there was no evidence that the failure 
of treatment was directly related to the length 
of the symptoms. The relative success in the 
group of cases of long duration suggests the 
possibility that in some of these at least the 
endometrial lesion was in the beginning a be- 
nign one. Several studies have presented evi- 
dence that hyperplasia of the endometrium 
may be a predisposing factor to the later de- 
velopment of cancer. The literature also con- 
tains reports of several instances of apparent 
transformation of hyperplasia into carcinoma, 
as indicated by a change in the character of 
the tissue obtained in successive curettings in 
the same patient. 


THE END-RESULTS IN CARCINOMA OF THE 
CORPUS 


The end-results of the treatment of all pa- 
tients with histologically verified carcinoma of 
the uterine fundus admitted to Memorial Hos- 
pital during the period 1926 to 1940 inclusive 
are summarized in Table IV. 

At the Memorial Hospital, all of the ward 
patients and a majority of the private patients 
are treated by members of the gynecologic di- 
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TABLE IV.—END-RESULTS FOR ALL CASES 
1926 — 1940 


| 
Memorial 


Gynecologic 
_He spite al 


Division 





Total number of cases 531 483 





Indeterminate group. 
Dead as a result of other causes 
and without recurrence 32 31 


Lost track of without r recurrence 25 








Total number of indetermin: nate 
results 57 











Determinate group 
Total number minus those of | 
indeterminate group 474 
Failures 
Dead as a result of carcinoma or 
its treatment 245 230 











Lost track of with cancer 
(probably dead) 








Living with recurrence 





Total number of failures 1 in treatment 272 254 








Successful r results ; i 
Free of carcinoma after 5 years 202 183 








Five-year end-results 
Successful results 
divided by determinate 
group 





41.0% 





Absolute cure rate 

Successful results | | 
divided by total number | (202/531) 

of cases 38.0% 


(183/483) 
37-0% 





A total of 52 cases seen in the Memorial Hospital during these years 
were excluded from consideration because, although probably carcinoma 
of the corpus, there was no histologic proof. Of this group, 7 refused 
treatment and 1 was referred back to the institution which had begun 
treatment. 

Among the 14 primary cases treated without histologic proof, there 
were no cures. Among the 30 secondary cases, there were 6 cures after 5 
years. 


vision. About a tenth of all cases, however, 
are managed as private cases by attendants 
from other divisions. For completeness, it has 
seemed necessary to present figures for the en- 
tire hospital but, since only the cases of the 
gynecologic division could be supervised from 
a standpoint of technique, it was also neces- 
sary to report figures for this group separately. 
In most of the following tables, therefore, two 
groups of figures appear, those for the whole 
hospital and those for the gynecologic division. 
In general, however, there is no significant 
difference between results in the two groups. 

Of the 531 patients, 483 were clinic and pri- 
vate patients treated on the gynecologic divi- 
sion; the remaining 48 were private patients 
under the care of attending surgeons on other 
services. 

Of the 531 patients, 368, or 69.3 per cent of 
the patients, received all of their treatment 
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TABLE V.—END-RESULTS FOR PRIMARY CASES 
1926 — 1940 © 


Memorial | Gynecologic 
Hospital Division 





Total number of primary cases 368 336 





Indeterminate group 
Dead as a result of other causes and 
without recurrence 21 20 





Lost track of without recurrence 18 10 





Total number of indeterminate 
results 39 30 





Determinate group 
Total number minus those of 
indeterminate group 329 306 





Failures j 
Dead as a result of carcinoma or 
its treatment 168 1590 





Lost track of with cancer 
(probably dead) 5 3 





Living with recurrence 9 8 





Total number of failures in treatment 182 170 





Successful results 
Free of carcinoma after 5 years or more 147 136 





Five year end-results 
Successful results 


divided by determinate (147/329) (136/306) 
44-77% 











group 44-47% 
Absolute cui rate 
Successful results 
divided by total number (147/368) _ | (136/336) 
ofcases | 39.0% | | 49.570 


here; 163 or 30.7 per cent had undergone some 
treatment prior to their admission to the Me- 
morial Hospital. 

The absolute five year cure rate for the entire 
series, including both primary and secondary 
cases, was 38 per cent. The 57 patients who 
died of other causes and without clinical evi- 
dence of recurrence and the patients who were 
lost track of without recurrence were consid- 
ered failures in treatment. 


END-RESULTS IN PRIMARY CARCINOMA OF THE 
CORPUS 


In Table V, constructed according to a 
standard form in use for the reporting of end- 
results at the Memorial Hospital, are shown 
the results in the 368 primary cases. 

In this group, there were 147 five year cures, 
giving an absolute cure rate of about 40 per 
cent (39.9). Since in this age group there is a 
considerable death rate from unrelated causes, 
a perhaps truer picture of the prognosis is 
given by accepting the figures for the ‘“deter- 
minate cases,” after subtracting the cases lost 


TABLE VI.—RELATION OF CLINICAL GROUP TO 
END-RESULTS PRIMARY CASES ON GYNE- 
COLOGIC DIVISION 


oe Cases Five year cures 
Clinical group Number Percent Number Per cent 
Clinical Group I . 
Uterus not enlarged.... 50 15.10 33 66.6 


Clinical Group II A 

Uterus not larger than 

2% months’ gestation.. 136 41.09 74 54-4 
Clinical Group II B 

Uterus larger than 

24 months’ gestation.. 29 8.76 II 37-9 
Clinical Group III A 

Extension of carcinoma 

to cervix only......... 37 11.18 9 24.3 
Clinical Group III B 

Extension of carcinoma 

beyond uterus........ 79 23.87 9 II.2 
py eee 331* 100.00 136 41.1 


*The records of 5 patients contained no data relative to clinical group. 


track of without evidence of cancer and those 
dying of intercurrent illness. The effect of this 
correction is, however, only to raise the appar- 
ent cure rate to about 45 per cent. 

The relationship of clinical extent of disease to 
end-results. A slight modification of Healy’s (8) 
classification based on the palpable size of the 
uterus and the extent of disease at first exami- 
nation was employed in dividing the primary 
cases into three clinical groups. This classifi- 
cation, which appears a highly practical one, 
is as follows: 

Group I. Those cases in which there is no 
palpable evidence of uterine enlargement or 
extension of disease beyond the fundus. 

Group II. Those cases showing uterine en- 
largement without fixation or other evidence 
of carcinoma elsewhere. This group was sub- 
divided into Group 11A in which were placed 
those patients in whom the uterus was larger 
than a 2!4 months’ gestation, and Group IIB 
which included patients whose uterus was 
larger than a 2% months’ gestation but still 
freely movable. 

Group III. Patients exhibiting clinical signs 
of extension of cancer beyond the uterine fun- 
dus itself. Group III was further subdivided 
into those relatively favorable cases in which 
cancer had extended to the cervix only, and 
into another group showing evidence of ex- 
tension beyond the uterus into the vagina, pa- 
rametria, and adnexa, and distant metastases. 

The practical importance of this clinical clas- 
sification is demonstrated in Table VI which 
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shows the relation of the clinical extent of dis- 
ease to end-results. Of the 50 patients in 
Group I, 66.6 per cent were alive and free of 
disease for 5 years or more. The absolute 5 
year cure rate for the 136 patients with uteri 
enlarged up to the size of a 24 months’ gesta- 
tion was 54.4 per cent. In 29 cases the uter- 
ine enlargement was greater than a 214 months’ 
gestation and only 37.9 per cent were 5 year 
cures. There were 37 patients in Group IIIA, 
24.3 per cent of whom were living without evi- 
dence of recurrence at the end of 5 years. In 
Group IIIB were placed 79 patients with clin- 
ical evidence of extension of cancer beyond the 
uterus; the absolute cure rate in this group 
was only 11.2 per cent. 

A similar plan of clinical division based on 
the size of the uterus was followed by Miller. 
His cases were divided ‘nto 3 clinical groups 
with the uterus normal in size in the first 
group, enlarged to the size of a 244 months’ 
pregnancy in the second, and to a 3 months’ 
pregnancy in the third. The percentages of 
survival in these groups were 66, 56, and 23, 
respectively, while, had we used the same 
classification, our corresponding figures would 
have been 66, 54, and 26. 

The importance of the clinical extent of the 
disease is shown again in Graph 1 where the 
percentage of surviving patients is plotted at 
each 6 month interval after treatment was ini- 
tiated. The survival curves show that the 
unfavorable prognosis of the more advanced 
cases is due especially to immediate deaths 
within the first 6 to 12 months after treat- 
ment. When a patient has survived the first 
12 months without recurrence, her chance of 
survival is quite good regardless of her origi- 
nal condition. The survival curve is presented 
in the belief that it may be of aid in explaining 
the chances of cure to the anxious and often 
confused members of the families of patients 
with cancer of the corpus. 

The relationship of histologic type to end- 
results. In accordance with a plan previously 
employed in reporting carcinoma of the corpus 
from this hospital (Healy and Brown, 8), the 
368 cases were divided on a histologic basis 
into 4 groups (Table VII). 

Group A—adenocarcinoma, grades I and II. 
This group included also cases originally diag- 
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Graph 1. Relation of clinical extent of disease to end- 
results in primary cases of carcinoma of corpus uteri. 


nosed as “adenoma malignum,” a term now 


regarded as undesirable. Of the 199 cases with 
these relatively differentiated tumors, the ab- 
solute 5 year cure rate was 47.2 per cent. 
When only cases of ‘“‘adenoma malignum”’ are 
considered, the figure becomes approximately 
51 per cent. 

Group B—adenocarcinoma, grades III and 
IV and “embryonal” carcinoma. Of these un- 
differentiated tumors, there were 117 cases 
with a 5 year absolute cure rate of 22.8 per 
cent, a figure less than half of the preceding 
group. 

Group C—adenoacanthoma. The results in 
this interesting histologic variety showed a 
cure rate of 51.3 per cent among the 37 cases, 
suggesting that squamous metaplasia tends to 
occur in relatively differentiated growths. 

Group D — miscellaneous. In this group 
were placed 15 cases in which inadequate mi- 
croscopic preparation made classification on 
this basis impossible. 

It appears evident that the prognosis in en- 
dometrial cancer is strongly affected by the 
degree of differentiation of the tumor. This 
is in accord with a number of previous reports 
(Healy and Brown, 8; Taylor, etc.). 

The unfavorable prognosis of the less differ- 
entiated tumors may depend on one or both 
of two possibilities. First, the grades III and 
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TABLE VII.—RELATION OF HISTOLOGIC TYPE 
TO END-RESULTS 


Number 
of cases 


Five year cures 
Number Per cent 


Per cent 
Histologic type of total 
Adenocarcinoma, 
gradesIandIT....... 199 
Adenocarcinoma, 
grades III and IV and 
embryonal adenocar- 
cinoma 
Adenoacanthoma 
Miscellaneous 


54.08 


31.79 29 
10.05 19 
4.08 5 


100.00 I47 39-9 


IV may be more fatal on account of a greater 
tendency to metastasize, even when the orig- 
inal tumors are grossly of equal size. Sec- 
ond, a greater rapidity of initial growth may 
have produced at the time of treatment a larger 
primary tumor and so affect prognosis simply 
on the basis of a more extensive local disease. 

Table VIII shows that the second possibil- 
ity is at least one of the factors. In clinical 
Group I only 14 per cent of the cases are of 
the undifferentiated types, whereas in the 
more extensive lesions these histologic types 
are several times as frequent. 

The relationship of the type of treatment to 
end-results. The determination of the best 
method of treating carcinoma of the corpus 
has evaded statistical analysis. Nor has it 
been possible on the basis of this series to offer 
any final answer as to whether surgery alone 
or in some combination with radium or x-ray 
is most effective. 

In all series, certainly in our own, cases are 
selected for a special form of therapy on the 
basis of factors which themselves affect the 
end-results. Of the most importance is the 
tendency to assign the patient who is a bad 
surgical risk, on account of obesity, age, or 
organic disease, to a program of radiation ther- 
apy. Such patients give less than the average 


TABLE VIII.—RELATION OF HISTOLOGIC TYPE 
TO CLINICAL GROUP 
Group Group Group 


IIB IIA IIIB 
Percent Per cent Percent Per cent Per cent 


Group Group 
I ILA 


Adenocarcinoma, 
grades I and II.. 
Adenocarcinoma, 
grades III and IV 
and embryonal 
adenocarcinoma. 
Adenoacanthoma. . 
Miscellaneous 


80.70 58.42 43-33 49-99 40.73 


46.66 42.11 
10.00 67.89 
0.00 0.0 


14.03 
3-5! 


29.25 
10.88 
1.35 
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results among radiated just as they would 
among surgically treated cases. 

Some favorable selection for surgery is seen 
in the tendency to omit radiation in the very 
early or unsuspected cases of endometrial can- 
cer in order to prevent the patient’s discovery 
of the diagnosis. Some cases having a bad out- 
look are, however, added to the surgical group 
in the belief that the very bulky uterus is too 
large for any significant effect from intracavi- 
tary radium. 

In general, the individualization of treatment 
in cases of corpus cancer appears to favor the 
statistics for hysterectomy alone or in combi- 
nation with radiation as opposed to a program 
depending exclusively on radiation therapy. 

In reporting the effect of treatment on the 
Memorial series, the question of surgery, ra- 
dium and x-ray will be considered first upon 
the entire series, then with relation to the clin- 
ical extent of the disease and finally to the 
histologic type of tumor. 

A few points may be noted about the tech- 
niques employed with the various therapeutic 
measures. 

1. Radium: The standard method of treat- 
ment has been the intrauterine application of 
a straight applicator containing radium, indi- 
vidually constructed for each case so as to ex- 
tend from the external os to the top of the 
uterine cavity. The usual initial dose has been 
3600 millicurie hours. Patients to have sur- 
gery are admitted for hysterectomy 6 weeks 
after the radium treatment. Patients in whom 
surgery is contraindicated and for whom it is 
hoped radiation will suffice are now recurret- 
ted after a 4 month interval and further ra- 
dium inserted or the risk of a hysterectomy is 
then accepted if cancer is still present. In the 
earlier part of the period reported, however, 
patients treated by radiation alone were sim- 
ply observed unless bleeding recurred. 

2. X-ray: Roentgen therapy was at first 
given with massive doses of 750 r each to 4 
or 6 portals (14 by 21 cm.) using a 200 kilo- 
volt machine at 70 centimeters with 0.5 milli- 
meter copper filtration. More recently, 250 
kilovolt roentgen rays have been used, still 
with 4 to 6 pelvic ports, but with a divided 
dose, each field receiving 8 treatments of 250 r 
each. Roentgen therapy is now given rou- 
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tinely after the radium in patients treated by 
radiation only and less regularly after hyster- 
ectomy, but in the years of the series being 
reported x-ray, when given, was almost with- 
out exception the initial therapeutic procedure. 

3. Surgery: The surgical operation employed 
has almost without exception been a total ab- 
dominal hysterectomy with removal of both 
adnexa. The cervix has been removed with 
only a small cuff of vagina and no attempt has 
been made to dissect out the lymph nodes or 
parametria. 

In Table IX are presented the 5 year end- 
results according to the method of treatment 
without regard to stage of the disease or histo- 
logic type. The figures are, at first glance, en- 
tirely in favor of the surgically treated cases. 
This is best shown by the figures in the sum- 
mary, indicating that of all cases in which a 
hysterectomy was performed, 51.1 percent sur- 
vived 5 years without recurrence, whereas 
among the cases with treatment limited to 
radium, with or without x-ray, only 36.8 were 
alive and well after 5 years. 

Perhaps the best evidence for the need of a 
hysterectomy is the frequency with which re- 
sidual viable cancer is found in excised uteri 
following large doses of preoperative irradia- 
tion. Of the 119 patients of this series who 
were subjected to hysterectomy, after having 
received as a rule 3600 millicurie hours of in- 
trauterine radium, 59, or 49.6 per cent, had 
microscopic evidence of viable cancer in the 
excised uterus. The absolute 5 year cure rate 
in the cases without residual carcinoma in the 
irradiated excised uterus was 73.8 per cent 
while only 44.1 per cent of the patients whose 
uterus harbored residual cancer survived 5 
years. 

Among 70 of the patients recently reported 
by Corscaden, treated by hysterectomy after 
intrauterine application of radium, residual 
carcinoma was found in 50 per cent of the 
uteri. The possibility remains that an appli- 
cator more perfectly adapted to the varying 
sizes and shapes of the uterine cavity might 
result in a destruction of the carcinoma in a 
higher percentage of the cases treated. 

Treatment in relation to the clinical stage. 
Further analysis of the series, by dividing into 
stages according to the gross extension of the 
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TABLE IX.—RELATION OF TREATMENT TO 
END RESULTS 


Percentage 
Number Number of of 
Method of treatment of cases 5 year cures 5 year cures 
Radium alone............. 60 28 46.7 
Radium and x-ray......... 122 39 32.0 
: ee 10 ° 00.0 
Hysterectomy and radium.. 31 20 64.5 
Hysterectomy, radium 
ee eae 74 33 44.6 
Hysterectomy and x-ray.... 13 5 38.4 
Hysterectomy alone........ 17 II 64.7 
Summary 
All patients treated by 
hysterectomy............ 135 169 or3 
Radium with or without 
MPU oe th apd ce nriia ees 182 67 36.8 


disease, the cases in which patients were treated 
by each method shows that a more difficult 
group was assigned to radiation than to sur- 
gery (Table X). 

From Table XI, a condensation of Table X, 
it is evident that in the radium group there 
was twice the proportion of very advanced 
cases, a difference in selection which might 
easily account for the difference in total end- 
results. 

The better comparison is perhaps made by 
studying the results only in the clinical groups 
I, ITA, and IIB, which may be regarded as 
technically operable. There were tog such 
operable patients treated by irradiation alone, 
with an absolute 5 year cure rate of 52.3 per 
cent. A combination of irradiation and hys- 
terectomy was used in the treatment of go 
similar cases with a cure rate of 56.6 per cent. 
Sixteen patients were treated by hysterectomy 
alone, of whom 10, or 60.3 per cent, survived 
for 5 years. These differences are probably 
not statistically significant and it becomes dif- 
ficult to explain why, when surgical specimens 
so frequently show persistent cancer after ra- 
dium, that the difference in cure rates among 
operable cases is not greater. 

A greater contrast between surgically treated 
and radiated patients was recently reported by 
Corscaden, in a report based upon 27 cases in 
which patients were technically operable and 
were treated by the intrauterine application of 
radium, and 25 similar cases in which patients 
were treated by a combination of irradiation 
and hysterectomy. The 5 year survival rates 
in the 2 groups of cases were 48 per cent and 





136 SURGERY, GYNECOLOGY AND OBSTETRICS 


TABLE X.—RELATION OF CLINICAL GROUP AND METHOD OF TREATMENT TO END-RESULTS— 





PRIMARY CASES ON GYNECOLOGIC DIVISION 






























































Clinical group I Clinical group II A Clinical group II B Clinical group ITI A Clinical group III B 
Method of 5 year 5 year 5 year 5 year 5 year 
treatment No. of cures No. of cures No. of cures No. of cures No. of cures 
cases cases cases cases cases 
No. % No. % No. % No. % No. % 
Radium alone 1s Ir 73-3 26 15 57-7 5 2 40.0 6 ° 00.0 8 ° 00.0 
Radium and x-ray 9 5 55.5 48 23 47-9 5 I 20.0 20° 6 30.0 4° 4 10.0 
X-ray alone ° ° 00.0 I ° 00.0 ° ° 00.0 ° ° 00.0 9 ° 00.0 
Radium and 
hysterectomy Ir 9 81.8 16 10 62.5 I ° 00.90 2 I 50.0 I ° 00.0 
Radium and x-ray 
and hysterectomy 10 5 50.0 36 19 52.8 7 3 42.9 9 2 22.2 12 4 33-3 
Hysterectomy alone 2 I 50.0 7 6 85.7 7 3 42.9 ° ° coo] ° I 100.0 
Hysterectomy 
and x-ray 3 2 66.6 2 I 50.0 4 2 50.0 ° ° 00.0 4 ° 00.0 
Total 5° 33_| 66.6 | 136 74_| 54.4 29 mr _ | 37-9 37 9 | 24.3 3d 9 | 11.2 


















































*Three group III B cases were too far advanced for treatment but were included. 


72 per cent respectively. Arneson collected 
from the literature a series of 473 cases in 
which patients were operable and were treated 
by radiation alone, and found that 53 per cent 
survived for 5 years. 

Another important subject is the possible 
advantage of combining radiation with sur- 
gery in cases of carcinoma of the corpus in the 
hope of improving the results obtained by hys- 
terectomy alone. Only 17 patients in this series 
were treated by surgery without radiation and 
these afford an insufficient control. The results 
on these few cases were, however, as good as in 
any group in which radiation was given in ad- 
dition to surgery. 

Review of several reports in the literature 
(Table XII) also fails to demonstrate a con- 
sistent effect on statistics when radiation is 
added to surgical treatment. Altogether it 
seems unproved that the cure rate in corpus 
cancer is being improved by preoperative or 
postoperative x-ray or radium. 

Treatment in relation to histologic type. The 
bearing of histologic type upon method of 


TABLE XI.—RELATION OF CLINICAL GROUP AND 
METHOD OF TREATMENT TO END-RESULTS 


Stage Stage 
Total Stage ILAand III Aand 
I IIB IB 


cases 


Radium with or 

without x-ray....... 182 13-2 46.1 40.7 
Hysterectomy, with o: 

without radiation.... 135 19.2 59.3 21.5 


treatment has been studied and the analysis 
of the series for this aspect is shown in Ta- 
ble XIII. A point of possible significance is 
the decided advantage evident when surgery 
is employed for the differentiated forms of 
cancer. For the adenocarcinoma of grades ITI 
and IV, however, the results for radiation 
alone appear to be as good as for surgery. It 
is possible that the radiosensitivity of these 
types is the determining factor and that me- 
tastasis has occurred so frequently by the time 
treatment is instituted that the removal of 
the uterus is a relatively unimportant step. 
The evidence for this special point is, how- 
ever, still too fragmentary to base treatment 
upon it as a principle. 


END-RESULTS IN PREVIOUSLY TREATED 
PATIENTS 


The problem of the treatment of recurrent 
carcinoma of the corpus requires in itself a 
major study, and it is accordingly intended to 
report the secondary cases in only enough de- 
tail to make this a complete statistical study 
of the work of the hospital on carcinoma of 
the endometrium. 

One hundred and sixty-three patients who 
had received prior treatment for corpus car- 
cinoma were admitted to the Memorial Hos- 
pital during the 15 years under consideration 
(see Table XIV). Thirty of these womer pre- 
sented no clinical evidence of carcinoma on 
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TABLE XII.—RELATION OF METHOD OF TREATMENT TO END-RESULTS—RESULTS REPORTED 
BY OTHER AUTHORS 

























































































Operation Irradiation annie Totals 
Author 
om sem cent | Cases syns cent | Cases FM cent | Cases gems an 

Burnam, 1931 7 3 50.0 82 21 25.6 9 5 45-5 97 29 29.9 
Masson, 1934 331 193 58.3 161 32 19.8 150 87 58.0 642 312 48.6 
Norris (16), 1934 5 3 60.0 28 15 53-5 Is 10 66.6 49 28 57.1 
Healy (6), 1934 18 18 100.0 20 22 75-0 47 40 85.0 
Newell and Crossen, 1935 20 13 65.0 13 2 15.2 20 14 60.8 56 - a $1.7 
Beattie, 1933 12 9 75.0 15 3 18.0 8 2 25.0 —- | @ f aaa 
Norris and Dunne (16), 1936] 115 55 47.8 89 39 43.8 211 04 44-5 
Healy (7), 1936 217 78 35.9 
Arneson, 1936 20 13 65.0 18 5 28.0 10 9 90.0 48 27 56.2 
Collection of Arneson (2), 1936) 937 530 57-0 908 372 37.0 or 55 60.0 2016 057 47-4 
Morton, 1937 13 9 69.2 24 9 37-5 18 12 66.6 62 33 53.2 
Taylor and Becker, 1945 19 II 57-9 213 70 32.8 126 66 52.4 358 147 41.0 

includes only patients 

receiving all their treat- 

ment at Memorial Hospital)| _ 





admission, and the diagnosis was confirmed 
only by the microscopic examination of the 
material submitted from the institution at 
which treatment had been initiated. These 
were classed as “prophylactic’’ cases. The re- 
maining 133 patients were termed “recurrent” 
cases since it was possible to make a diagnosis 
on biopsied or curetted tissue obtained after 
their admission to this hospital. No attempt 
was made to differentiate between “‘persistent”’ 
and “recurrent” disease. 

The standard table for reporting end-results 
is given for completeness for all secondary 
cases (Table XIV). Nevertheless, the 2 groups 
have a decidedly different significance and re- 
quire separate comment (Table XV). 

a. The prophylactic group. Twenty of the 
30 patients in the prophylactic group were 
alive and free of disease after 5 years—an ab- 
solute cure rate of 66.6 per cent. This is the 
figure which may be anticipated in any series 
of operable cases which are treated by hys- 
terectomy. 

b. The total recurrent group. This group of 
patients treated for the first time in other in- 
stitutions and referred to the Memorial Hospi- 
tal with cancer still present is a miscellaneous 
one. It includes the inoperable patients with 
fixed uteri and large abdominal masses, recur- 


rences in the vaginal vault and about the hy- 
menal ring and urethra, and finally cancer rede- 
veloping in cervical stumps. There were 33 five 
year cures among the 133 recurrent cases, an 
absolute cure rate of 24.8 per cent. This fig- 
ure indicates that even when the first effort 
at cure is a failure, some hope still exists for 
control of the disease. 

One point in regard to the recurrent group 
is worth noting. Among the go patients who 


TABLE XIII.—RELATION OF HISTOLOGIC TYPE 
TO END-RESULTS WITH RADIATION ALONE 
AND RADIATION COMBINED WITH SURGERY 
























































— Radiation com- 
Radiation alone bined with surgery 
Five year Five year 
on cures ie, cures 
ber of ber of |-———- 
caseS |Num-| Per | “5° | Num-| Per 
ber | cent ber | cent 
Adenocarcinoma,* 
grades I and II 114 45 39.3 67 44 65.7 
Adenocarcinoma, 
grades III and IV 62 14 22.6 45 12 26.6 
Adenoacanthoma 19 9 47-4 16 II 68.7 
Miscellaneoust 15 4 20.6 4 ° 00.0 
Total 210 72 33-2 | 132 67 42.6 














*Also includes so-called adenoma malignum cases ; 
tIncludes cases in which scanty material or other factors made histo- 
logic grading impossible. 
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TABLE XIV.—SECONDARY CASES 
FIVE YEAR END-RESULTS 


Memorial | Gynecologic 
Hospital Division 





Total number of secondary cases 
Indeterminate group 
Dead as a result of other causes and 
without recurrence 
Lost track of without recurrence 
Total number of indetermine results 





Determinate group : 
Total number minus those of 
indeterminate group 


Failures 7 
Dead as a result of carcinoma 





Lost track of with disease 
(probably dead) 


Living with recurrence 





Total number of failures in treatment 
Successful results , 
Free of carcinoma after five years 
or more 


Five year end-results 
Successful results 


divided by determinate (53/144) _ | (45/120) 
group 36.79% 34.88% 
Absolute cure rate 


Successful results ; | 
divided by total (53/163) 
number of cases __ 32.51% 


(45/146) 
30.82 %o 








TABLE XV.—SECONDARY CASES 
RELATION OF CLINICAL GROUP TO END-RESULTS 


Prophylactic group Recurrent group 





Five year 
cures 


Five year 
cures 


Num-| Per Num-]| Per 
ber | cent ber | cent 
Entire Hospital 


(163 cases) 3 20 66.66 33 24.81 





Gynecologic Division 
(140 Cases) 25 16 











64.00 2 29 23.06 





had been surgically treated before being re- 
ferred to Memorial Hospital, 57, or 66.4 per 
cent, had received only a supracervical hys- 
terectomy. Thirty-five, or 61.4 per cent, of 
those women who had had a supracervical 
amputation of the uterus had histologically 
verified carcinoma in the cervical stump at 
the time of their initial examination here. It 
is obvious that entirely too many women who 
are suffering from vaginal bleeding are still 
being treated by a subtotal hysterectomy with- 
out curettage or adequate examination of the 
cervix. 


SUMMARY AND CONCLUSIONS 


Five hundred and thirty-one histologically 
verified cases of carcinoma of the corpus uteri 
were admitted to Memorial Hospital during 
the period 1926 to 1940, inclusive. The abso- 
lute 5 year cure rate on this unsorted group of 
cases was 38 per cent. 

The primary cases of the series numbered 
386 of which 39.9 per cent were alive and well 
at the end of 5 years. By subtracting the pa- 
tients lost track of when free of cancer and 
those dying of intercurrent, unrelated illness, 
the apparent cure rate for 5 years is about 
45 per cent. 

Of the secondary cases, there were 30 pa- 
tients who came to the Memorial Hospital 
without clinical evidence of cancer and of 
these there were 20 five year cures. The pa- 
tients admitted to the service with recurrences 
numbered 133 and, of these, 24.8 per cent were 
alive and well after 5 years. 

The prognosis in carcinoma of the corpus 
depends on 3 factors: (a) the gross extent of 
the disease; (b) the histclogic type; and (c) the 
type of therapy employed. Analysis of the 
present series was made to evaluate these 
points. 

The effect of the gross extent of the disease 
is shown by the 5 year end-results in 5 speci- 
fied groups as follows: Group I, uterus not en- 
larged, 66.6 per cent; Group II A, uterus not 
larger than a 214 months’ gestation, 54.4 per 
cent; Group II B, uterus larger than a 21% 
months’ gestation, 37.9 per cent; Group III A, 
extension of carcinoma to cervix, 24.3 per 
cent; Group III B, extension of carcinoma be- 
yond uterus, 11.2 per cent. 

The effect of histologic type is shown by the 
5 year end-results in 3 classifications as fol- 
lows: adenocarcinoma, grades I and II, 47.2 
per cent; adenocarcinoma, grades III and IV, 
22.8 per cent; adenoacanthoma, 51.3 per cent. 

The relation of type of treatment to end- 
results is more difficult to evaluate. In the 
cases in which hysterectomy was performed 
a 5 year cure rate of 51.1 per cent was shown, 
while in the group of patients treated only by 
radiation the figure was 36.8 per cent. The 
group with treatment limited only to radia- 
tion contained, however, more patients in a 
relatively advanced stage of the disease. 
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The question of whether the cure rate from 


hysterectomy is increased when radiation is 
given in addition could not be answered on 
the basis of the analysis of this material. 
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THE EXCRETION AND CONCENTRATION OF PENICILLIN 
AND STREPTOMYCIN IN THE ABNORMAL HUMAN 
BILIARY TRACT: II. HEPATIC BILE 


JERRY ZASLOW, M.D., VIRGIL S. COUNSELLER, M.D., F.A.C.S., and 
FORDYCE R. HEILMAN, M.D., Rochester, Minnesota 


N a previous paper the results of studies 
of the excretion and concentration of 
penicillin and streptomycin in the hu- 
man gall bladder were reported (6). We 

now wish to present our findings relative to the 
excretion and concentration of these antibiotic 
agents in the hepatic bile of the abnormal hu- 
man biliary tract. The reader is referred to the 
previous paper for introductory remarks and 
for a review of the literature. 


METHOD OF STUDY 


Twenty-three patients, each of whom had 
undergone exploratory choledochostomy and 
insertion of a T tube in the common duct, 
were selected. Sixteen of these were used to 
study the excretion of penicillin; 15, to study 
the excretion of streptomycin. Eight patients 
were tested only for excretion of penicillin; 7 
only for excretion of streptomycin; and 8, for 
both. Therefore, on 8 occasions the results 
with penicillin could be compared with those 
for streptomycin. 

Within a 3 day period after operation each 
patient was given a single intramuscular injec- 
tion of either 15,000 units of penicillin or 
100,000 units of streptomycin. When both 
substances were studied in the same subject, a 
single injection of each was given separately 
on the same day. Usually 6 to 8 hours were 
allowed to elapse before study of the second 
antibiotic agent was undertaken. Specimens of 
bile were collected from the T tubes at inter- 
vals of one-half hour to 1 hour up to 3 hours 
after injection of the antibiotic agent. Speci- 
mens of blood were obtained at the same time 
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from 4 patients who were given penicillin, and 
from a similar number given streptomycin. 
The antibiotic activity of all specimens was 
determined in the same manner as was done in 
the previous study (6). Within a 3 week period 
the study was repeated for penicillin in 5 cases 
and for streptomycin in 8 cases, in order to 
determine any change that might have oc- 
curred in the ability of the liver to excrete the 
antibiotic agent. 

When the patient was jaundiced at the time 
of operation, it was noticed whether the jaun- 
dice was increasing, stationary or subsiding, as 
shown by estimations of the serum bilirubin 
level. In addition, in most cases either an oral 
hippuric acid test or a sulfobromophthalein 
hepatic function test was done during the stay 
in the hospital. The former was performed in 
the presence of an elevated serum bilirubin 
level; the latter, in its absence. These observa- 
tions were made in an attempt to correlate 
hepatic function tests with the ability of the 
liver to excrete antibiotic agents. An excretion 
in the urine of 3 grams of benzoic acid or its 
equivalent in hippuric acid is a normal value 
for the hippuric acid test, and retention of dye, 
“grade o,” in the blood serum is a normal 
value for the sulfobromophthalein test. 


RESULTS 


1. Penicillin. The results are collected in 
Tables I and II and are represented in Figures 
1 to 3 inclusive. Table I states briefly a few 
pertinent facts in the history and the essential 
laboratory studies of the individual patients. 
Table II indicates the levels of penicillin activ- 
ity in the bile in the initial study done within 
the first 3 days after operation. Reference to 
Figure 1 shows the similarity of the blood 
levels of the 4 patients studied. It is very 
likely that, had the other patients been so 
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Fig. 1. Levels of penicillin activity in blood serum and hepatic bile after 15,000 
units of penicillin had been given intramuscularly. Four patients were used for the 
blood curves and 16 for the bile curves. Of the latter, 5 failed to excrete penicillin into 
the bile. The graph demonstrates the similarity of the curves of the levels in blood and 


dissimilarity of those in bile. 


studied, similar curves would have been ob- 
tained. On the other hand, a composite graph 
of the levels in the bile shows great variation 
in the height and shape of the curves. It is the 
purpose of this study to determine the factors 
responsible for this variation. In addition, it is 
noticed that the levels of activity are higher 
in the bile than in the blood, indicating that 
the liver concentrates penicillin. 

The patients were divided into three groups, 
on the basis of their ability to excrete the 
penicillin on initial study: those who failed to 
excrete penicillin, those who excreted it in 
very small amounts, and those who excreted 
it in high concentration. An arbitrary figure of 
0.24 unit per cubic centimeter was decided on 
to separate those who excrete small from those 
who excrete large amounts, because in a pre- 
vious study (6) it was observed that the small- 
est concentration of penicillin in gall-bladder 
bile obtained within the first 4 hours after in- 
jection was at least 0.24 unit per cubic centi- 
meter. Since all persons but one in that in- 
vestigation had presumably normal hepatic 
function, it was assumed that that level was 
representative of the lowest limit of excretion 
in a normal subject. 


It is realized that the volume of bile excreted 
during the 3 hour period for each study is not 
the same for all patients. However, the 
amounts excreted during 24 hours were usual- 
ly quite similar, 250 to 350 cubic centimeters. 
While it is conceivable that if one patient ex- 
cretes 50 cubic centimeters over the 3 hour 
period of study, whereas another excretes 20 
cubic centimeters, the first patient may dilute 
any antibiotic agent excreted and mask the 
results, this was not usually the case. Often the 
highest levels of penicillin were found among 
patients excreting relatively large volumes of 
bile at the time of study, and the lowest levels, 
among those excreting small amounts of con- 
centrated bile. Generally speaking, however, 
this factor was of little importance, since most 
patients excreted similar volumes of bile. 

Group 1, no excretion of penicillin: Five pa- 
tients failed to excrete penicillin within the 3 
hour period of observation (Table I). In sev- 
eral cases the observations were repeated the 
following day with similar results. A short 
résumé of the history and laboratory findings 
in these cases follows: 


CasE 1. The patient gave a history of recurrent 
colic in the upper part of the abdomen, often with 
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Fig. 3. 


chills and fever, for 1 year. The preoperative labora- 
tory studies gave results within normal limits. He 
was found at operation to have calculi in the gall 
bladder and common duct. The gall bladder was re- 
moved, and a T tube was inserted in the common 
duct. Excretion studies for penicillin in hepatic bile 
were undertaken on the second and fourth days after 
operation. All specimens were reported as having no 
penicillin activity. On the third postoperative day, 
the patient had repeated chills and a spiking temper- 
ature reaching more than 102 degrees F. Two cul- 
tures of bile from the common duct were reported as 
positive for Escherichia coli. The serum bilirubin 
level, which had been normal preoperatively, was 
reported as 2.75 milligrams per roo cubic centimeters 








Figs. 2 and 3. Effect of relief of biliary obstruction on 
excretion of penicillin in hepatic bile. Definite increase of 
excretion 1 week after operation over that 1 to 3 days after 
operation. 


direct and 0.57 milligram per 100 cubic centimeters 
indirect. Leucocytes numbered 7,200 in each cubic 
millimeter of blood and gr per cent of the leucocytes 
were neutrophils. The result of the sulfobromophtha- 
lein test of hepatic function was reported as reten- 
tion of dye, grade 2 (12 to 24 per cent). Intramuscu- 
lar administration of 15,000 units of penicillin every 
3 hours was begun. On the eighth postoperative day 
the temperature returned to normal, the serum bili- 
rubin level fell to 1.5 milligram per 100 cubic centi- 
meters direct and 0.4 milligram per 100 cubic 
centimeters indirect. The sulfobromophthalein test 
was reported as showing no retention and the per- 
centage of neutrophils was 70. The T tube stopped 
draining, and color returned to the stools. 
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IN HEPATIC BILE FOLLOWING INTRAMUSCULAR 
MARY OF PERTINENT DATA OF 16 CASES)* 




































































































































































| Preoperative Maximal excretion of penicillin, units per c.c. of bile 
| Hepatic function test serum bilirubin, 
: mgm. per 100 C.c. | 
Case Duration of | Second repeat 
jaundice “ ; ' 
E E % alited etude First repeat study st 
Sulfo- Hippuric Divect Madina ~ | (days after initial study) |(days after initia] 
| bromophthaleint acidt | study) 
I (No—preop. | | 
yes—postop.) | Grade 2 2.75 0.57 ° © (2 days later) 0.12 (12 days 
(Chills and fever— | Grade o (12 days later) 
I year) | later) 
2 2 mos. 1.26 33.6 1.8 ° o (1 wk. later) jo (15 days later) 
3 I mo. 1.79 35.5 2.28 ° | 
4 3 wks. | 2.04 4.0 1.0 ° 
= saiataineiaetgremaaemiasiial canmaaencniail eS eee sian 
5 3 mos. 2.8 69.6 4.2 ° | 
6 10 mos. (recurrent) 10.6§ 2.1§ 0.03 
7 Recurrent (fistula) | 3-2 °.7 0.12 1.0 (4 days later) || | 
8 T mo. (recurrent) 3.03 | 5.1§ 1.55§ 0.25 0.5 (5 days later)|| | 
9 1 yr. (recurrent) 2.01 15.6§ 1.8§ 0.25 o.5 (1 wk. later)|! 
10 9 days 2.64 2.45§ 1.7§ 0.25 | 
Ir 5 wks | 18.35§ 1.9§ 0.25 | 
12 None Grade 1 ° 0.4 0. 25]] 
13 None Grade o ° °.8 o. si] | 
14 None | Grade o 3.84 ° 0.8 °. 5] 
15 None Grade o ° 0.4 1.0} 
16 Bs days (first attack) | 2.8 8.1§ 1.0§ 2.0}] 





*The amount of bile excreted during 24 hours varied between 250 and 350 c.c. for al] cases. 


tReported as degree of retention (grades 1-4). 


tReported here as grams of benzoic acid excreted on oral hippuric acid test (normal, 3 gm.). 


§Level of bilirubin falling when study was made. 
Normal serum bilirubin when study was made. 


On the twelfth day, with the T tube still in place, 
another attempt to study excretion of penicillin was 
made. This time a single small specimen of bile was 
obtained 1% hours after injection of penicillin and 
was reported as containing o.12 unit of penicillin 
per cubic centimeter. Bile for culture of bacteria 
was collected under conditions too difficult to be 
useful. 

This, no doubt, was a case in which Escherichia 
coli cholangitis responded to drainage. That the 
penicillin was a factor in helping to overcome the 
process is doubtful, since penicillin is known to be 
very inactive against Escherichia coli, and since early 
in the postoperative course none of the antibiotic 
agent was excreted into the bile duct. It appears that 
simple mechanical drainage was the effective agent 
here, an observation frequently made in the past. 

CasE 2. The patient had undergone a cholecystec- 
tomy 1 year before she came to the clinic. Ten 
months later persistent jaundice, pain in the upper 
part of the abdomen, and recurrent chills and fever 
had developed. The significant laboratory work 
showed a serum bilirubin level of 33.6 milligrams per 
100 cubic centimeters direct and 1.8 milligrams per 
100 cubic centimeters indirect. Hepaticostomy was 
performed, and a large catheter was left in place. 


“White bile’’ drained for many days. After paren- 
teral administration of penicillin, no penicillin activ- 
ity was obtained in specimens of bile removed either 
the day after operation or on the eighth and fifteenth 
days, in spite of the fact that the bile had acquired a 
green color by that time. The direct serum bilirubin 
level remained greater than 30 milligrams per 100 
cubic centimeters on dismissal of the patient. She no 
longer had chills or fever. An oral hippuric acid test 
of hepatic function performed on the twelfth post- 
operative day showed impairment, only 1.86 grams 
of hippuric acid (equivalent to 1.26 gm. of benzoic 
acid) being excreted in the urine. 


In this case the administration of an anti- 
biotic agent in an attempt to help clear up the 
associated cholangitis might have been cred- 
ited with the symptomatic improvement which 
occurred. However, the inability of the liver to 
excrete penicillin shows how futile the use of 
penicillin for this purpose would have been. 
As in Case 1, the improvement of the general 
and local condition of the patient was due en- 
tirely to mechanical drainage. 
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TABLE II.—EXCRETION OF PENICILLIN IN 
HEPATIC BILE FOLLOWING INTRAMUSCU- 
LAR INJECTION OF 100,000 UNITS (SUM- 
MARY OF LEVELS ON INITIAL STUDY) 
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Case 3. The patient had undergone cholecystec- 
tomy previously. For 1 month he had continuous 
jaundice and acholic stools, but no chills, fever, or 
pain. Exploratory choledochostomy was performed. 
No obstruction was found, and it was the surgeon’s 
impression that the patient had intrahepatic jaun- 
dice. The preoperative serum bilirubin levels varied 
from 29.1 milligrams per 100 cubic centimeters to 
35-5 milligrams per roo cubic centimeters direct, and 
from 1.8 milligrams per roo cubic centimeters to 2.28 
milligrams per 100 cubic centimeters indirect. A pre- 
operative hippuric acid excretion test showed severe 
impairment of hepatic function, since only 2.63 
grams of hippuric acid (or 1.79 gm. of benzoic acid) 
was excreted in the urine. On the fourth postopera- 
tive day there was no excretion of penicillin in speci- 
mens of bile collected over hourly periods. Post- 
operatively, the serum bilirubin levels remained 
high, and the patient was dismissed from the clinic 
with his T tube in place. 

Case 4. The patient had had recurrent colic in the 
right upper quadrant of the abdomen for 1 year and 
had been icteric for 3 weeks. The serum bilirubin 
level was 4 milligrams per too cubic centimeters 
direct and 1 milligram per too cubic centimeters in- 
direct. Following an oral hippuric acid test of hepatic 
function, it was reported that only 2.04 grams of 
benzoic acid had been excreted in the urine (normal, 
3 gm.). Two cultures of bile from the common duct 
were reported as positive for Escherichia coli. No 


penicillin was excreted in the bile on the fourth post- 
operative day. The patient’s jaundice cleared rapidly 
and he had no immediate postoperative difficulty. 
CasE 5. The patient was admitted with a history 
of intense jaundice for several months. The serum 
bilirubin level was 69.6 milligrams per 100 cubic 
centimeters direct and 4.2 milligrams per 100 cubic 
centimeters indirect. The oral hippuric acid test of 
hepatic function was reported as giving normal re- 
sults. At operation a carcinoma of the gall bladder 
with a local metastatic growth obstructing the com- 
mon duct was found. The duct was opened, “white 
bile’’ was obtained, and a T tube was inserted. On 
the fifth postoperative day there was no excretion of 
penicillin into the bile. The patient was dismissed 
unimproved on the eleventh postoperative day. 


It is interesting to observe that in 4 of the 5 
cases there was persistent jaundice before 
operation and in 2 of these cases ‘“‘white bile”’ 
was obtained from the bile ducts at operation. 
However, even when color returned to the bile 
in 1 of the cases, indicating that some of the 
function of the liver was returning, penicillin 
was still not excreted in the bile. In 4 of the 5 
cases there was impairment of hepatic func- 
tion as shown by the usual tests of hepatic 
function. In 1 case, in which the patient was 
not icteric preoperatively, jaundice, chills, and 
fever developed soon after operation. During 
this time no penicillin was excreted, but as the 
cholangitis cleared, parenterally given peni- 
cillin was recovered in the bile. 

Group 2, excretion of small amounts of 
penicillin: 

CasE 6. The patient had had intermittent chills 
and fever for 3 months and intermittent jaundice for 
1o months. The serum bilirubin level on admission 
was 10.6 milligrams per 100 cubic centimeters direct, 
and 2.1 milligrams per 100 cubic centimeters indirect. 
Operation was performed to days later, when the 
jaundice was definitely subsiding. Cholecystectomy 
and choledocholithotomy were performed and a T 
tube was left in place. On the third postoperative day 
penicillin that had been administered parenterally 
was excreted in a concentration of 0.03 unit per cubic 
centimeter of bile in the 1 hour specimen, but all the 
other specimens up to 3 hours showed no activity. 

Case 7. The patient had had a biliary fistula since 
cholecystectomy had been performed 4 months be- 
fore. The serum bilirubin level varied from2.6 milli- 
grams per 100 cubic centimeters to 3.2 milligrams 
per too cubic centimeters direct. A stone was re- 
moved from the common duct and a T tube was in- 
serted. On the second postoperative day, all speci- 
mens of bile collected up to 3 hours showed a maxi- 
mal penicillin level of 0.12 unit per cubic centimeter 
after parenteral administration of penicillin. 
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INJECTION OF 100,000 UNITS (SUMMARY OF PERTINENT DATA OF 15 CASES)* 
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*The amount of bile excreted in 24 hours varied from 250 to 350 c.c. for all cases 


+Reported as degree of retention (grades 1-4) 


tReported here as grams of benzoic acid excreted on oral hippuric acid test (normal, 3 gm.) 


§Level of serum bilirubin falling when study was made 
Normal serum bilirubin when study was made 


In both of these cases there was a history of 
chronic icterus and recurrent episodes of cho- 
langitis. Both patients were apparently recover- 
ing from acute obstructive episoles when the 
study was made. 

Group 3, excretion of large amounts of peni- 
cillin: The remaining 9 patients excreted peni- 
cillin in a concentration of at least o.25 unit per 
cubic centimeter of bile. Five of these had no 
previous history of jaundice and in 4 of the 5 
cases the maximal concentration of penicillin in 
bile varied from 0.5 unit per cubic centimeter 
to 2 units per cubic centimeter (Cases 13 to 16, 
inclusive). In the one nonicteric case (Case 12) 
in which the level did not exceed 0.25 unit per 
cubic centimeter it was persistent at this con- 
centration in all except the half hour specimen. 
The remaining 4 patients (Cases 8 to 11 inclu- 
sive) gave a history of rather recent onset of 
jaundice and, at the time of study, they gave 
evidence of subsiding icterus. Two of these 
showed impairment of excretion of hippuric 
acid. 


In general the highest levels of excretion of 
penicillin were found among those patients 
who had no history of recent or past jaundice, 
and who exhibited good hepatic function, as 
shown by the tests employed. With a history 
of persistent jaundice, and with impairment of 
hepatic function, less penicillin was excreted, 
until in 5 cases none was excreted in the bile. 

Excretion studies were repeated a week 
after the initial tests in 5 cases (Table I). Two 
of these have been described in detail in the 
previous paragraphs (Cases 1 and 2). It was 
seen in Case 1 that after 12 days of T tube 
drainage, penicillin was excreted in a concen- 
tration of 0.12 unit per cubic centimeter, where 
initially there was no excretion. After 2 weeks 
the patient in Case 2 was still unable to excrete 
penicillin. The 3 other patients followed 
showed a definite increase in ability of the 
liver to excrete penicillin (Cases 7, 8, and 9), 
as indicated in Figures 2 and 3. One of these 
patients (Case 7), who had an excretion level 
of o.12 unit per cubic centimeter initially, 
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TABLE IV.—EXCRETION OF STREPTOMYCIN IN 
HEPATIC BILE FOLLOWING INTRAMUSCULAR 
INJECTION OF 100,000 UNITS (SUMMARY OF 
LEVELS ON INITIAL STUDY) 
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showed an increase to 1 unit per cubic centi- 
meter in the half hour specimen. The patient 
in Case 8 excreted 0.25 unit per cubic centi- 
meter soon after operation, and 0.5 unit per 
cubic centimeter 5 days later. This was a pa- 
tient who had recurrent jaundice of 1 nionth’s 
duration and good hepatic function, as shown 
by the oral hippuric acid excretion test. The 
patient in Case 9 excreted 0.25 unit per cubic 
centimeter at first, and 0.5 unit per cubic 
centimeter later. 

Consequently, it is noted that in 4 of the 5 
patients followed there was a definite increase 
in the ability of the liver to excrete penicillin 
after a variable period of T tube drainage. 
Also, from this it would appear that the lower 
limit of excretion, 0.25 unit per cubic centi- 
meter, is an index of impaired excretion, since 
in all 3 cases in which hepatic function was 
not seriously impaired, a level of at least 0.5 
unit per cubic centimeter was obtained on the 
second determination after a week of drain- 
age. While this group is small, the results are 
suggestive. In addition, these results support 
a previous finding that the patients without 
jaundice or hepatic damage excreted at least 


0.5 unit per cubic centimeter on the first deter- 
mination soon after operation (Cases 13 to 16 
inclusive), as well as the finding that in all 
cases in which the cystic duct was patent the 
level after 45 minutes was at least 0.5 unit per 
cubic centimeter, in spite of possible dilution 
in the gall bladder (6). 

2. Streptomycin. The results are collected 
in Tables III and IV and are represented in 
Figures 4 to 7, inclusive. Table III states 
briefly a few facts in the history and essential 
laboratory findings. Table IV indicates the 
levels of streptomycin activity in the bile on 
initial study done soon after operation. Refer- 
ence to Figure 4 demonstrates the constancy 
of the height and persistence of the curves of 
streptomycin activity in the blood serum of 
each of the 4 patients so studied. A similar 
curve might be expected in all the other sub- 
jects, were blood serum levels determined for 
them. As was true with penicillin, however, 
the streptomycin levels in hepatic bile varied 
in most of these cases. In addition, the levels 
of activity in the bile were generally less than 
in the blood, suggesting that the liver did not 
concentrate streptomycin. 

Here, too, it is well to divide the patients 
into 3 groups, according to their ability to 
excrete streptomycin in the bile on initial 
study soon after operation. An arbitrary figure 
of 1 unit per cubic centimeter of bile was 
chosen to separate those who excreted small 
from those who excreted large amounts. This 
figure corresponds to 0.24 unit per cubic 
centimeter of bile chosen for penicillin, and 
was arrived at in the same manner (see the 
section on penicillin). 

Group 1, no excretion of streptomycin: 
Three patients failed to excrete streptomycin 
in the bile during the 3 hour period observed. 
One of these has been described previously in 
detail in the section on excretion of penicillin 
(Case 2). Abrief history of the other 2 patients 
follows: 

CasE 17. The patient had a history of dark urine, 
light stools, and jaundice for 3 months. A serum bili- 
rubin level a week before operation was 1.55 milli- 
grams per 100 cubic centimeters direct and 2.5 milli- 
grams per 100 cubic centimeters indirect. The hip 
puric acid test of hepatic function showed definite 
impairment. At operation cholecystectomy and 
choledocholithotomy were performed, and a T tube 
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Fig. 4. Levels of streptomycin activity in blood serum and hepatic bile after 100,000 
units of streptomycin had been given. intramuscularly. Four patients were used for 
the blood curves and 15 for the bile curves. Of the latter, 3 failed to excrete streptomy- 
cin in the bile. The graph demonstrates the similarity of the curves of the levels in blood 


and dissimilarity of those in bile. 


was inserted. Two days after operation, no strepto 
mycin was excreted in the bile. This patient was not 
studied further. 

Case 18. A biliary fistula developed following 
cholecystectomy done 3 months before the patient 
came to the clinic. On several occasions when the 
fistula became obstructed, she had chills, fever, and 
jaundice. On admission her serum bilirubin level was 
8.9 milligrams per too cubic centimeters direct and 
0.9 milligram per roo cubic centimeters indirect. 
Several days later the common duct was reconstruc- 
ted over a T tube. Studies of excretion of strepto- 
mycin on the third postoperative day showed no 
excretion in the bile, in spite of the fact that the 
serum bilirubin level was almost normal, and the 
hippuric acid test of hepatic function gave definitely 
normal results. All studies were repeated 3 weeks 
later, with the same results. 

Group 2, excretion of small amounts of 
streptomycin: Two patients excreted a maxi- 
mal concentration of less than 1 unit per cubic 
centimeter of bile. 

CasE 19. Operation was performed, because of 
chronic dyspepsia, with recurrent bouts of colic in 
the right upper quadrant of the abdomen for several 
years. A functioning gall bladder with stones was 
found on roentgenographic examination. At opera- 


tion greatly dilated common and cystic ducts were 
found, and the liver was reported as showing “‘hepa- 
titis, grade 1+.’’ Cholecystectomy and chole- 
dochostomy were performed. The following day a 
streptomycin excretion study was made. The maxi- 
mal level attained was 0.7 unit per cubic centimeter 
in the 1% hour specimen. A serum bilirubin level the 
following day was 9.1 milligrams per too cubic 
centimeters direct and 1.6 milligrams per 100 cubic 
centimeters indirect. A hippuric acid test of hepatic 
function done 2 days later showed severe impair- 
ment. It was impossible to repeat the streptomycin 
excretion study, since little material was obtainable 
from the T tube after the fourth day. However, on 
the ninth postoperative day the serum bilirubin level 
was 3.6 milligrams per roo cubic centimeters direct 
and o.8 milligram per 10c cubic centimeters indirect. 

CASE 20. Cholecystectomy and choledochostomy 
had been performed in 1943. The patient was well 
until 2 weeks before his present admission when pain 
in the right upper quadrant of the abdomen, fever, 
dark urine, and jaundice developed. The serum bili- 
rubin level 4 days before operation was 5.1 milli- 
grams per 100 cubic centimeters direct and 3.4 milli- 
grams per 100 cubic centimeters indirect. The hip- 
puric acid liver function test gave normal results. 
Choledocholithotomy and choledochostomy were 
performed. On the second postoperative day the pa- 
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Fig. 6. 
Figs. 5, 6, and 7. Effect of relief of biliary obstruction on streptomycin excretion in 
hepatic bile. Definite increase of excretion 1 to 3 weeks after operation over that 1 to 


3 days after operation. 


tient failed to excrete more than 0.6 unit of strepto- 
mycin per cubic centimeter of bile. However, when 
the study was repeated 3 weeks later, at which time 
his serum bilirubin level was 2.4 milligrams per too 
cubic centimeters direct and 0.9 milligram per too 
cubic centimeters indirect, the streptomycin activity 
of the 134 hour specimen of bile was 1.12 units per 
cubic centimeter. 

In résumé, one patient (Case 2) failed to 
excrete either streptomycin or penicillin in 
separate studies. This fact suggests that the 
excretion of these antibiotic agents is subject 
to the same factor of adequate hepatic func- 


tion. As with penicillin, 2 of the 3 patients who 
failed to excrete streptomycin in the bile had a 
history of persistent jaundice before operation 
and both showed impairment of response in 
the hippuric acid excretion test. The results 
found in the third patient (Case 18) are some- 
what difficult to explain. Although her hip- 
puric acid excretion test and sulfobromophtha 
lein hepatic function test gave normal results, 
she failed to excrete streptomycin on 2 occa 
sions, 3 weeks apart. The results of the first 
study done soon after operation might be ex- 
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Fig. 7. 


plained on the basis of a recent episode of ob- 
structive jaundice which had temporarily im- 
paired some of the hepatic functions (such as 
streptomycin excretion). However, after 3 
weeks, when her jaundice had completely sub- 
sided, it was expected that she would excrete 
streptomycin. It would appear that the excre- 
tion of streptomycin is a hepatic function 
quite apart from all the others, since it is well 
known that many hepatic functions may be 
normal, while others are definitely impaired. 

Of the 2 patients who excreted small 
amounts of streptomycin in the bile, one had 
definite hepatitis, as shown by the surgeon’s 
operative note, corroborated by a definitely 
impaired hippuric acid excretion test. The 
other patient was studied soon after the onset 
of an episode of obstructive jaundice due to a 
stone in the common duct. The serum bili- 
rubin was elevated at this time. However, in a 
repetition of the study 3 weeks later, when 
jaundice had subsided, he excreted a concen- 
tration of streptomycin twice that found on 
primary investigation. This was in the pres- 
ence of good hepatic function, as shown by the 
hippuric acid excretion test. 

Group 3, excretion of large amounts of 
streptomycin: Ten patients excreted more 
than 1 unit per cubic centimeter on initial 
study. In 2 cases the serum bilirubin levels 
were normal at the time of examination. In 


the other 8 cases the jaundice was definitely 
subsiding. The level of streptomycin activity 
in all of these cases varied from 1.05 units per 
cubic centimeter to 3.8 units per cubic centi- 
meter. 

As with penicillin, the highest levels of 
streptomycin activity were among those pa- 
tients who had no history of jaundice and who 
had normal hepatic function. With persistent 
jaundice and impairment of hepatic function 
streptomycin was excreted in lesser amounts, 
until in 3 cases none was excreted. 

In all cases but one, where the hippuric acid 
excretion test gave normal results, and where 
no jaundice was present at the time of study, 
the excretion level was more than 2 units per 
cubic centimeter. However, in the one excep- 
tion, a healthy robust man with no previous 
history of jaundice and with good hepatic 
function excreted only 1.5 units per cubic 
centimeter. This, then, must be considered a 
normal level. 

After a lapse of 1 to 3 weeks the excretion 
studies were repeated for 8 patients (Table III). 
Two of these failed to excrete streptomycin, 
even after a period of prolonged drainage 
(Cases 2 and 18). They have both been de- 
scribed fully elsewhere. In all the other cases 
there was a definite increase of excretion, so 
that in several the level in the bile was dou- 
bled (Cases 7, 8, 9, 20, 22, and 23). After a 
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period of T tube drainage, regardless of the 
primary condition, the minimal excretion level 
in those tested was 1.8 units per cubic centi- 
meter, compared to 1.05 units per cubic centi- 
meter on initial examination. It would appear, 
then, that the lower limit of excretion chosen 
as normal; namely, 1 unit per cubic centi- 
meter, is an index of some impairment of abil- 
ity to excrete streptomycin, since in all cases 
in which the studies were repeated later, a 
higher level of excretion, 1.8 units or more per 
cubic centimeter, was found. In 3 weeks the 
patient in Case 20 doubled his ability to ex- 
crete streptomycin and although the level was 
only 1.12 units per cubic centimeter, it is 
quite possible that, were the studies repeated 
again, the level would have been higher. 
Further repetition of the studies was not prac- 
ticable in this case, since the T tube was re- 
moved several days later. 

In 8 cases studies were carried out with both 
penicillin and streptomycin (Cases 2, 7, 8, 9, 
10, 12, 14, and 16). Reference to Tables I and 
III demonstrates how both substances are 
excreted quite similarly by the same patients. 
As mentioned previously, 1 patient (Case 2) 
failed to excrete either penicillin or strepto- 
mycin. When a large amount of one was 
excreted, a large amount of the other was 
usually also excreted. In 3 cases studies were 
repeated at a later date. In all cases there was 
an increase in the excretion of both antibiotic 
agents, and to a similar degree. This small 
series indicates the similarity of their excre- 
tion in hepatic bile. 


COMMENT 


In general, the concentration of an anti- 
biotic agent excreted in the hepatic bile is 
roughly inversely proportional to the degree 
of hepatic damage. In any case of obstructive 
jaundice, as the obstruction persists, more and 
more evidence of hepatic damage appears. 
The ability to excrete penicillin or strepto- 
mycin seems to be a rather sensitive index of 
hepatic damage. Early in the course of one 
case of cholangitis (Case 1) no penicillin was 
excreted but, as soon as the symptoms and 
signs of infection subsided, penicillin was ex- 
creted into the bile. In all cases of long, per- 
sistent obstructive jaundice no antibiotic 


agent was excreted. In less prolonged obstruc- 
tion there was some excretion. However, in all 
cases but one in which excretion studies were 
repeated after one or more weeks of mechan- 
ical drainage with relief of obstruction, peni- 
cillin was present in greater amounts than 
initially. The significance of this is obvious. It 
has long been recognized that the condition of 
patients who have cholangitis of greater or 
lesser degree improves with mechanical drain- 
age. Hepatic function returns to normal, and 
very often the cholangitis is overcome. As is 
true with other regions of enclosed infection, 
surgical drainage is necessary to institute 
resolution and repair. 

As a result of this study it appears that a 
minimal level of 0.5 unit of penicillin activity 
per cubic centimeter of bile within a 3 hour 
period after an intramuscular injection of 
15,000 units of penicillin is indicative of a 
relatively normal liver. The same is true for a 
level of 1.5 units of streptomycin per cubic 
centimeter of bile after an intramuscular in- 
jection of r100,cco units of streptomycin. 
Levels less than these suggest some impair- 
ment of hepatic function. The facts support- 
ing this conclusion are, first, that the few 
normal patients studied excreted at least those 
levels; second, that all patients who excreted 
less than these levels initially were able to 
excrete at least these levels 1 or more weeks 
later. 

One patient had intrahepatic jaundice. He 
was unable to excrete penicillin. In view of 
our previous observations, this was not sur- 
prising. In intrahepatic jaundice, hepatic cel- 
lular damage and obstruction of the biliary 
canaliculi resulting from degenerative pro- 
cesses in the hepatic cells are present. This 
combination appears to prevent penicillin 
from entering the extrahepatic bile ducts. 

The clinical application of these findings is 
worthy of consideration. In many cases cho 
langitis is treated conservatively. All the 
agents which might combat the infecting organ- 
isms are employed. Until recently the sulfona- 
mides were administered with the hope that 
they might prove useful. No references to the 
excretion of these drugs into the bile in cases 
of cholangitis were found. The few reports of 
cases in the literature are rather contradictory 
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and are usually based on clinical observation 
(1-5). It is known that in many cases cholan- 
gitis goes into long periods of quiescence in the 
absence of any active treatment. The cures 
attributed to the sulfonamides under these 
circumstances are open to question, particu- 
larly in view of the findings in the present 
study. While it cannot be said that the sulfo- 
namides are excreted into the bile in the same 
manner as are the antibiotic agents, the few 
reports available suggest that they do behave 
similarly. 

Generally speaking, in the presence of def- 
inite cholangitis, whenever possible, it is con- 
sidered good treatment to institute drainage. 
While at times this may be medical, more 
often it is surgical. This is so because such 
cases are usually associated with obstruction 
in the biliary tract. It is the usual surgical 
experience that in these cases the response to 
such measures is good. 

While obstruction to the biliary tract is still 
present, the antibiotic agents do not appear 
to get into the bile. In addition, the antibiotic 
agents, in greater or lesser amounts, were ex- 
creted in the bile in all cases in which the 
jaundice was subsiding, and as the serum bili- 
rubin levels returned to normal, the antibiotic 
levels in the bile increased. 

Infection in the hepatic parenchyma itself 
presents still another problem. In normal dogs 
it has been shown that there is a high concen- 
tration of penicillin in the liver after paren- 
teral administration of penicillin. Whether 
this is the case in the obstructed and infected 
liver is open to question. While an antibiotic 
agent will reach the hepatic cells through the 
blood stream, its ability actually to enter or 
bathe the diseased cell is as yet unknown. That 
it will keep a localized infection in one part of 
the liver from spreading to other regions in the 
parenchyma is very likely. That it will keep an 
infection still localized in the extrahepatic 
bile ducts from spreading up to the hepatic 
cells is also possible. Unfortunately, the clini- 
cian usually sees the patient who has cholan- 
gitis when the process has already invaded the 
liver itself. However, in the absence of evi- 
dence to the contrary, in cases of cholangitis, 
administration of antibacterial agents would 
seem indicated in order to protect the liver it- 


self, with the hope that the infection had not 
yet reached the intrahepatic canaliculi. 

The problem of ridding the biliary tree of an 
infecting organism is not as hopeless as may 
appear from some of the foregoing remarks. 
Any patient who has a history of recurrent 
cholangitis should first be rid of the contribu- 
ting factor, if it is at all possible. This will in- 
clude removal of stones, repair of strictures or 
an attempt to sidetrack the food stream in 
biliary-intestinal anastomoses. When this is 
done, it may be expected that the antibiotic 
agents will get into the biliary tree. If the re- 
sponsible organism is known, the appropriate 
antibacterial agent may be given. Within a 
reasonable period the infection should be over- 
come. While it may be possible to overcome 
the organism in a case of recurrent obstructive 
cholangitis during a period when the inflam- 
mation has subsided (for antibiotic agents 
often do get into the bile in effective concen- 
tration), the process is apt to repeat itself un- 
less the etiologic mechanical factor is removed. 


CONCLUSIONS 


1. After the intramuscular injection of 
15,000 units of penicillin or 100,000 units of 
streptomycin: 

a. The antibiotic agent is excreted in high 
concentration in the hepatic bile of normal 
patients. 

b. A minimal level of 0.5 unit per cubic 
centimeter for penicillin activity or 1.5 units 
per cubic centimeter for streptomycin activity 
in hepatic bile within 3 hours is indicative of a 
normal liver. Lower levels suggest impairment 
of excretion. 

c. The level of penicillin activity in the bile 
exceeds that in the blood within the first 3 
hours, indicating that the liver concentrates 
this antibiotic agent. 

d. The level of streptomycin activity in the 
bile is less than that in the blood within the 
first 3 hours, indicating that the liver does not 
concentrate this antibiotic agent. 

2. In the presence of obstructive jaundice 
the ability of the liver to excrete the antibiotic 
agent is impaired. 

3. The greater the degree of hepatic dam- 
age, the less is the amount of antibiotic agent 
present in the hepatic bile. 
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4. In the presence of long-persistent ob- 
structive jaundice, no antibiotic agent is ex- 
creted in the bile. 

5. As the level of serum bilirubin falls fol- 
lowing relief of obstruction of the common 
duct, more and more of an antibiotic agent is 
excreted in the bile. 

6. Penicillin and streptomycin will prob- 
ably not be useful in treatment of acute or 
chronic obstructive cholangitis. 

7. The etiologic mechanical factor should 
be removed in all cases of obstructive jaundice 
with cholangitis before streptomycin or peni- 


cillin can be expected to overcome the infect- 
ing organism. 
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THE EFFECT OF RADIATION ON VAGINAL CELLS 
IN CERVICAL CARCINOMA 


1. Description of Cellular Changes 


RUTH M. GRAHAM, B:S., Boston, Massachusetts 


HE effect of roentgen rays on car- 
cinoma of the cervix has long been of 
great interest to both radiologists and 
gynecologists. Since most cervical 
carcinomas are treated by irradiation, any 
aiditional knowledge either concerning the 
radiosensitivity of cervical tumors or the 
ultimate prognosis would be of value. Any 
advance in the treatment of this disease by 
roentgen therapy will depend on further 
knowledge of the effect and the efficacy of the 
treatment as it is used at the present time. 

The vaginal smear method presents an 
unique opportunity to study the effects of 
radiation on cervical malignancy. The vag- 
inal smear is obtained with such ease by merely 
taking a sample of the vaginal secretion that a 
patient may be followed as often or as long as 
desired. The method has the further ad- 
vantage that a representative group of all the 
cells, both normal and malignant, of the vag- 
inal and cervical mucosa are seen, not a lim- 
ited portion as in serial biopsies. We have 
attempted to determine the effects of x-ray 
and radium on cervical carcinoma by means 
of the vaginal smear. We are stating here 
only the effect of radiation on individual cells. 
The possible prognostic significance of the 
method will be discussed in a subsequent pub- 
lication. 

In 1921 Frankle and Amreich studied a 
series of cases of carcinoma of the cervix by 
means of biopsies during treatment with radia- 
tion. They describe marked swelling of the 
cells during x-ray and radium treatment. 
Vacuolization of the malignant cells was also 
seen as a distinct part of the response to x-ray 
treatment (2). 

From the Vincent Memorial Laboratory of the Vincent Memor- 
ial Hospital (the Gynecological Service of the Massachusetts 
General Hospital). 
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Dustin, in 1927, studied 7 cases of epider- 
moid carcinoma in radiated patients by 
means of serial biopsies. He has divided the 
changes seen into four phases. The first phase 
is that of pyknosis of the nuclei and a decrease 
in the number of mitoses. The second phase 
is an increase in the number of atypical mi- 
toses. The third phase represents such an in- 
crease in atypical mitoses that no normal 
mitotic figures were seen. The fourth phase 
he calls a rise in normal division of cells. 

In 1930 Meigs and Parker (6) reported on 5 
cases of epidermoid carcinoma on which daily 
biopsies were done during treatment. The 
number of both normal and abnormal mitoses 
was determined. They mention the increase 
of atypical mitoses on the fourth day after 
radium treatment and the eventual disap- 
pearance of atypical division. 

Frola, in 1933, reported 47 cases of cervical 
carcinoma studied by means of serial biopsy 
during treatment. Forty-four cases were of 
epidermoid carcinoma and 3 of adenocar- 
cinoma. He described the atypical mitoses as 
increasing and then disappearing. The com- 
plete disappearance of the malignant cells 
took place from the eleventh to the fortieth 
day of treatment. Pyknosis of the nuclei was 
a prominent feature of the reaction. Degen- 
eration was variable. The sclerosis of blood 
vessels showed great variation. The connec- 
tive tissue was infiltrated with polymorphonu- 
clear leucocytes, lymphocytes and occasion- 
ally plasma cells. Almost half of the cases 
showed foreign body giant cell reaction at the 
termination of treatment. He speaks of a 
“maturation evolutive” in which the undiffer- 
entiated malignant cells mature to become 
large cells whose nuclei show a sharp nuclear 
border and are poor in chromatin. There is 
keratinization and hyalinization of the cells 
with formation of pearls. Frola also em- 
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Fig. 1. 
Fig. 1. Group of normal basal cells, showing variation in 
size of cells, but little variation in size of nucleus. 


phasizes the metaplasia of the cells lining the 
cervical mucous glands during radiation. 

In 1935 Arneson and Stewart described the 
response of tumor to irradiation as swelling of 
the tumor cells, ballooning degeneration or 
pyknotic degeneration and fragmentation of 
the nuclei, progressive cytoplasmic opacity 


and acidophilia, a tendency to cornification, 
and finally necrosis and leucocytic infiltration 
often followed by foreign body giant cell reac- 
tion. 
MATERIAL 

The material for this study comes from 
three sources: the Tumor Clinic of the Massa- 
chusetts General Hospital, the private prac- 
tice of Dr. J. V. Meigs, and the Pondville 
Hospital of the Massachusetts State Depart- 
ment of Public Health. We are reporting 206 
cases of cervical carcinoma treated by x-ray 
or radium or both and studied by means of 
vaginal smear. The cases include patients re- 
cently treated and followed during treatment 
and also those who had treatment from 6 
months to 15 years before the first vaginal 
smear was taken. The group is divided 
pathologically into 27 cases of adenocar- 
cinoma and 179 cases of epidermoid carcinoma. 
The majority of the epidermoid carcinomas 
are classified as grade III, although the study 
includes cases from all 4 grades. 


Fig. 2. 


Fig. 3. 
Signet ring type of basal cell in upper right. 
Normal precornified and cornified cells. 


Fig. 2. 
Fig. 3. 


The radiation in these cases necessarily 
varies since the group includes patients 
treated over the past 15 years, and both the 
amount of x-ray and radium given and the 
method of administering the dose has changed 
considerably during this length of time. Most 
of the patients were considered to have had 
full therapeutic doses except for a small num- 
ber who were given palliative therapy. In the 
recent cases with rare exceptions the patients 
have been treated with the 1200 kilovolt 
x-ray machine. 

The effect of radiation on the cells of the 
cervical and vaginal mucosa in patients with 
carcinoma of the cervix is striking. However, 
to appreciate fully the changes seen in the 
vaginal smear it is necessary to have a work- 
ing knowledge of the cytology of the norma! 
vaginal smear and also the cytology of the 
malignant cells as seen in the vaginal secre- 
tion. It will be helpful perhaps to describ« 
again the cells of the normal vaginal smear 
For a more detailed description the reader is 
referred to the monograph of Papanicolaou 
and Traut and to our previous publications 
(7, 8). 

The basal cells come from the deepest layer 
of the vaginal mucosa. They vary in size de- 
pending on their position in the basal layer. 
The inner layer basals are small round cells, 
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Fig. 4. Two groups of small histiocytes showing ir- 
egularity in shape of nucleus. 
Fig. 5. A foreign body giant cell showing peripheral ar- 


staining deeply basophilic with large active 
nuclei. The outer layer basals are larger cells 
having a nucleus similar to that of the inner 
layer basal cell. Their size increase is due to 
an increase in cytoplasm rather than nucleus 
(Fig. 1). The basophilic cytoplasm of the 
outer layer basal is not so deeply staining and 
is more transparent. The basal cells are vac- 
uolated occasionally but the vacuoles are 
usually quite small and quite evenly dis- 
tributed, or as in the case of the cervical basal 
cells there is one large vacuole with the nu- 
cleus pushed to one side—the signet ring type 
of cell (Fig. 2). It is important to emphasize 
that the nuclei of these vacuolated cells of the 
basal series appear normal in both size and 
appearance. 

The next layer of the vaginal mucosa is 
composed of precornified cells. This layer is 
intermediate between the basal layer and the 
superficial vaginal epithelium. These cells 
have abundant lightly staining, basophilic, 
transparent cytoplasm. The cytoplasmic 
nuclear ratio is greatly increased in compar- 
ison to that of the basal cells. The cytoplasm 
may be wrinkled, or granulated, and the cell 
borders are often irregular due to the folding 
over of the cytoplasm (Fig. 3). The nucleus is 
small and smoothly granular in appearance. 
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Fig. 6. 


rangement of nuclei. 
Fig. 6. A group of 4 undifferentiated malignant cells of 
epidermoid carcinoma of the cervix. 


The cells of this type are very rarely if ever 
vacuolated. 

The superficial layer of the vaginal mucosa 
is composed of cornified cells. These cells are 
similar to the precornified, except for two dis- 
tinct differences, i.e. the nucleus is small and 
pyknotic and the cytoplasm is acidophilic 
(Fig. 3). The same statements concerning 
wrinkling, folding, and granulation of the 
cytoplasm apply to these cells of the super- 
ficial layer. 

Leucocytes are seen very often in the vag- 
inal secretion. In positive smears they are apt 
to be more numerous than in normal smears. 
The clumping of leucocytes in tight groups is 
even more frequently associated with the 
presence of malignant cells. The greatest ma- 
jority of the leucocytes are polymorphonu- 
clears but lymphocytes do appear. 

Histiocytes are present in normal smears. 
Phagocytic histiocytes are not as common as 
the small histiocyte. These cells are smaller 
than the inner layer basal cell. Their nuclei 
are seldom perfectly round, usually being 
either oval or crescent shape. They have a 
finely vacuolated cytoplasm whose cell borders 
are often indistinct (Fig. 4). Foreign body 
giant cells are included in the group of histio- 
cytes seen in the vaginal secretion. They oc- 





Fig. 7. 

Fig. 7. Group of differentiated fiber cells from epidermoid 
carcinoma of the cervix. 

Fig. 8. Group of undifferentiated malignant cells from 


cur more infrequently than either of the other 
two types. They are large cells approximately 
the size of precornified cells, which have many 
oval smoothly granular nuclei arranged per- 
ipherally (Fig. 5). 

The malignant cells as encountered in epi- 
dermoid carcinoma of the cervix are of two 
types, differentiated and undifferentiated de- 
pending on how adult the tumor is. The 
undifferentiated cells are usually smaller than 
the inner layer basal cell. They have a hyper- 
chromatic nucleus which shows an apparent 
increase in chromatin material. The cyto- 
plasm consists either of a very narrow rim or 
an indistinct background. If seen in groups 
the nuclear size variation is great, and the 
cellular borders indistinct (Fig. 6). The dif- 
ferentiated cells assume bizarre shapes. They 
may be the so called “‘tad-pole” form which 
show a long thin tail of cytoplasm and a dis- 
tinct head containing the nucleus. This type 
is seen rarely. Another type is the fiber cell. 
This cell is extremely elongated and thin. The 
nucleus still appears hyperchromatic but it is 
elongated. These cells closely resemble muscle 
fiber cells except for their nuclei which are 
distinctly abnormal (Fig. 7). In the differ- 
entiated cells the cytoplasm is usually ade- 
quate but it is abnormally distributed. 


Fig. 8. 
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Fig. 9. 
adenocarcinoma of the cervix. 

Fig. 9. Group of basal cells showing beginning elongation 
of the cells. 


The malignant cells seen in adenocarcinoma 
are undifferentiated. They usually occur in 
tight groups in which the individual nuclei are 
piled upon one another. Definite cellular 
borders are difficult to distinguish. Their 
cytoplasm is a thin rim which may contain 
vacuoles which are usually small (Fig. 8). 

In attempting to study the changes seen in 
the vaginal smears of women treated with ir- 
radiation for carcinoma of the cervix the cases 
have been divided into four groups. The first 
group includes those patients who were stud- 
ied by vaginal smears during their x-ray and 
radium therapy. The second group includes 
those with follow-ups beginning from 1 to 6 
months after treatment. The third group is 
composed of those patients whose follow-up 
began at 6 months to a year following treat- 
ment. The fourth group are those patients 
whose treatment took place a year to fifteen 
years before the first vaginal smear was taken. 


THE EFFECT OF RADIATION ON CELLS AS SEEN 
IN THE VAGINAL SMEAR DURING TREAT- 
MENT—FIRST GROUP 


Thirty-five patients with cervical carcinoma 
have been studied during their course of radia- 
tion treatment. There are 4 cases of adeno- 
carcinoma, one of undifferentiated carcinoma 
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Fig. 11. 


Fig. 10. Group at top typical, unradiated, undiffer- 
entiated, malignant cells. Group at bottom shows pyknosis 

basal cells. Basal cell at right of malignant group 
demonstrates karyorrhexis of nucleus. 


and 30 of epidermoid carcinoma of the cervix. 
One patient received only radium therapy and 
8 only x-ray. The remaining 26 received both 


x-ray and radium and in every instance the 
radium was preceded by a course of x-ray. 


The x-ray treatment was given to 25 by 1200 
kilovolt therapy and to g by 200 kilovolt 
therapy. One patient received only 4800 r 
irom the 1200 kilovolt machine, the remainder 
receiving a dose of approximately 6000 r. 

Two cases of bladder carcinoma with no 
uterine neoplasm have been included in this 
group as controls. The x-ray fields used in the 
treatment of carcinoma of the bladder are 
similar to those used for cervical carcinoma. 
Thus, we were able to study the effect of 
radiation on the normal cells of the vaginal 
and cervical mucosa uncomplicated by the 
presence of malignant cells. 

The patients followed during radiation 
treatment fall into 2 distinct classes. Class 1 
shows definite radiation reaction in all cells. 
Class 2 shows very little effect in any type of 
cell either normal or malignant. The possible 
prognostic significance of these differences 
will be discussed in a subsequent publication. 

The changes in the cellular constituents 
have been noted from day to day following 
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Fig. 12. 
Fig. 11. Group of enlarged basal cells. Note propor- 
tionate increase in size of nucleus and cytoplasm. Compare 
with Figure 1. 
Fig. 12. Abnormal vacuolization of basal cells. 


the beginning of treatment. The first patients 
studied had daily vaginal smears. However, 
as the study progressed it was obvious that 
smears taken at 3 day intervals gave an ade- 
quate picture of the changes which occurred. 
The days indicated in the paragraphs below 
are counted from the beginning of radiation 
treatment. 

Class 1-Radiation Changes. In the vaginal 
smear the first effect of radiation is seen in the 
normal cells. The basal layer of the vaginal 
and cervical mucosa is affected before any of 
the other cells show changes. The basal cells, 
both inner and outer, become aberrant (Fig. 
9). They lose their characteristic round ap- 
pearance and become elongated. These cells 
must be differentiated from the malignant 
fiber cell. The nucleus in these aberrant basal 
cells is still a perfectly normal vesicular nu- 
cleus. The malignant fiber cell contains an 
abnormal hyperchromatic nucleus with very 
distinct clumps of chromatin. This change in 
the basal cells is occasionally seen as early as 
the second day of x-ray treatment but is 
usually not marked until the 9th or roth day. 

An effect which is seen at the same time as 
the change in the shape of the basal cells is a 
change in their staining reaction. Many of the 
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Fig. 


Fig. 13. Cell showing one of the bizarre shaped basal 
cells after radiation. 

Fig. 14. Cell at bottom shows tremendous size increase 
of precornified cell. Compare with Figure 3. Cell at the 


cells of the basal layer change from a baso- 
philic stain to a brownish stain’. This does 
not occur in all the cells but is a frequent 
enough occurrence to be a distinct effect. This 
difference in staining reaction is probably an 
early sign of degeneration of the cell. 

The subsequent changes are primarily in 
the nucleus of the basal cells. The nuclei be- 
come very degenerate. The nucleus may ap- 
pear as one small pyknotic dot. Often the 
nuclear membrane disappears and the nuclear 
material is collected into discrete black clumps, 
an actual karyorrhexis of the nucleus (Fig. 
10). This type of degeneration will occasion- 
ally be mistaken for mitoses if care is not 
taken. A cell in mitosis shows chromatin in 
fine threads or very small clumps rather than 
three or four structureless dots. These de- 
generative changes usually take place from the 
1oth day of treatment and increase through- 
out the course of treatment. It should be 
noted that this reaction in the nuclei of the 
basal cells is not characteristic of radiation 
alone. The same degeneration is often seen in 
advanced atrophy of the genital tract. 

Beginning usually around the twelfth day 
the most striking effect of radiation on the 

1All smears were stained by Papanicoloau’s method. The directions 


for staining and the constituents of the stain may be found in the mono- 
graph by Papaniccloau and Traut or in our first publication. 


14. Fig. 15. 
top shows polymorphonuclear leucocytes on precornified 
cell. 

Fig. 15. Precornified cell with three nuclei showing ab- 
normal vacuolization of the cell. 


cells of the basal layer is seen. There is a 
great increase in the size of the cells. They be- 
come three to four times their normal size. 
The change is similar to the ballooning of cells 
which has been descrioed in histiological sec- 
tions following radiation treatment. It 
important to reaiize that these “blown-up”’ 
cells show no change in the cytoplasmic- 
nuclear ratio. It remains constant. The nu- 
cleus and the cytoplasm, have increased in the 
same proportion (compare Figs. 1 and 11). 
The nucleus in one of these large cells is even 
more finely granular than in the normal. It 
has a very smooth, speckled appearance in 
most instances. One should be careful that 
cells of this kind are not called normal pre- 
cornified cells. The total size o! the cell is 
often that of precornified cells. Two criteria 
point to their origin in the basal layer. First, 
the cytoplasm does not have the true trans- 
parency of precornified cells; second, the nu- 
cleus is much too big for a normal precornified 
cell. We have never seen this tremendous 
ballooning of cells except in smears from a 
radiated patient. 

Another specific change in the basal cells is 
abnormal vacuolization of the cytoplasm. 
This usually occurs in cells which have in- 
creased in size and is a late effect. It is usually 


is 
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Fig. 16. 

Fig. 16. Tremendously elongated cell showing degenera- 
tive changes in the nucleus. 

Fig. 17. Bizarre shape of precornified cell after radiation 


not marked until the fifteenth day and in- 
creases progressively after that. The cells 
contain tremendous vacuoles which almost 
completely fill the cell (Fig. 12). Some of the 
cells may have smaller vacuoles containing 
polymorphonuclear leucocytes in the vacuole. 
This sequence is not so commonly seen in the 
basal cells, however, as in the precornified. 

The last change to occur in the cells of the 
basal layer is the appearance of very bizarre 
forms. The cells may be almost any shape. 
They are usually of the ‘“‘blown-up” type so 
the shape is even more striking (Fig. 13). This 
change is much more pronounced than in the 
aberrant forms mentioned earlier. The cells 
may assume dumbbell shape, elongated forms, 
and tadpole forms. These cells must also be 
distinguished from the differentiated malig- 
nant cell. The nucleus is the distinguishing 
characteristic. It is large but is smoothly 
granular and not hyperchromatic, or is very 
small and pyknotic. 

It is important to point out that the changes 
in the basal cells here noted, are seen only if 
the control smear before treatment presented 
basal cells as part of the cell population. If 
the woman is premenopausal few basal cells 
are found and the radiation changes seen first 
are in the precornified cells to be described. 
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treatment had been carried out. 
Fig. 18. Superficial cell showing polymorphonuclears in 
the cytoplasm. 


The precornified cells also exhibit changes 
after radiation. The first reaction to occur in 
this layer of cells is an increase in size. They 
become two to three times the size of a normal 
precornified cell. The cytoplasm and the nu- 
cleus increase correspondingly so that the 
cytoplasmic-nuclear ratio is undisturbed (Fig. 
14). This effect has been seen as early as the 
third day of radiation and as late as the forty- 
fifth. However, on the average it is apparent 
about the fifteenth day of treatment. 

At about the same time as this increase in 
size takes place there are beginning changes in 
the nuclei of the precornified cells. At first 
the only change is one of size, but very soon 
the chromatin structure of the nucleus begins 
to show degenerative changes. Their nuclei 
become dark, wrinkled, with little structural 
detail. The nucleus has a dead pyknotic look 
despite its abnormal size. The nuclear borders 
are not smooth but very irregular and often 
the nucleus has contracted sufficiently to leave 
a space previously occupied by the full sized 
nucleus. Occasionally although it is not seen 
as often as in the basal series, the nuclei will 
become fragmented and will appear only as 
small dark particles, the nuclear borders hav- 
ing completely disappeared. Two, three, and 
four nuclei are not uncommon in these pre- 
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cornified irradiated cells. These multinu- 
cleated cells may have the blown-up vesicular 
type of nucleus or a degenerate one. The pres- 
ence of more than one nucleus is probably evi- 
dence of an amitotic division stimulated by 
radiation. 

At the same time that nuclei begin to ex- 
hibit signs of degeneration the cytoplasm also 
shows evidence of degeneration. The first 
degenerative sign in the cytoplasm is the ap- 
pearance of very fine fibers which may occur 
in concentric circles around the nucleus or 
may run from the nucleus to the cell border. 


OBSTETRICS 


Fig. 19. Radiated malignant cell showing increase in 
size of cell and nucleus and abnormal vacuolization. 

Fig. 20. Group of radiated malignant cells showing giant 
cells and abnormal vacuolization. 

Fig. 21. Smear showing enlarged degenerate basal cells. 

Fig. 22. A sheet of basal cells seen when vaginal smear is 
difficult to obtain. 


The most striking effect is the vacuolization. 
The vacuoles may be very large, occupying 
the greater part of the cell (Fig. 15). 

An effect which occurs immediately after 
the increase in size of the cells and the change 
in the nuclei is the appearance of precornified 
cells of queer shape. These bizarre cells are 
seen occasionally as early as the 6th day of 
treatment but usually do not appear until 
later, around the 18th day. The cells are even 
more striking than the bizarre basal cells due 
to their size (Fig. 16). They also may assume 
any shape. Some become tremendously elon- 
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gated in some instances stretching across a 
high dry field. Others may assume tremen- 
dous tadpole shapes. Some have long fibers 
stretching out from the cell almost resembling 
pseudopodia (Fig. 17). 

The last change to occur in the precornified 
layer is the appearance of polymorphonuclear 
leucocytes in the cells. This takes place usu- 
ally around the 2oth day of treatment. It has 
been seen as early as the roth and as late as 
the 31st. It is important when looking for 
this change to be sure that the polymorphonu- 
clear leucocytes are in the cells and not merely 
on top of the cells. The leucocytes are very 
numerous often in postradiation smears, and 
often they clump on a cell almost obscuring 
the cell beneath them. This takes place early 
in the course of treatment. However, the 
actual inclusion of leucocytes within epi- 
thelial cells is a later change (Fig. 18). 

The cornified cells exhibit all the evidence 
of postradiation reaction which are seen in the 
precornified cell except for the changes in the 
nuclei. Since the nuclei of cornified cells are 
originally pyknotic, very little change takes 
place there. The other changes noted apply to 
the cornified cells as well as to the precornified 
cells. It should be noted that in radiation 
smears the precornified cells do not always 
have a basophilic staining cytoplasm. They 
very often take an acidophilic stain. As in 
normal cells the nucleus is the distinguishing 
characteristic. 

A great increase in polymorphonuclear leu- 
cocytes is seen very often in the immediate 
postradiation smears. In all but 3 of the cases 
the leucocytes increased markedly. In some 
cases they increase so much that interpreta- 
tion of the smear is quite difficult since the 
leucocytes obscure much of the picture. In 3 
cases the increase was due to lymphocytes 
rather than to polymorphonuclear leucocytes. 
The increase in leucocytes is variable in the 
time it appears. It may occur immediately 
after treatment is instituted or it may not 
occur until much later. 

There is some literature on the occurrence 
of eosinophils in sections of cervical car- 
cinoma. Gill, in 1944, reported that 7.7 per 
cent of all epidermoid carcinomas of the cervix 
had a marked eosinophila in the tumor. He 


RADIATION OF VAGINAL CELLS IN CERVICAL CARCINOMA 


* 


161 


believes this may be regarded as of favorable 
prognostic significance. Unfortunately, in 
vaginal smears the polymorphonuclear leuco- 
cytes are so seldom completely preserved that 
differentiating between types is usually im- 
possible. One of the cases followed during 
treatment showed a tremendous number of 
eosinophils. In all other instances no differ- 
entiation could be made as to the type of 
leucocyte. 

An increase in small histiocytes usually 
follows the increase in leucocytes. The time 
factor is variable but they appear usually 3 to 
5 days after the increase of leucocytes. This 
increase in small histiocytes was seen in all but 
3 of the cases. The response of the phagocytic 
and foreign body giant cells is variable. A 
marked response of the phagocytic type was 
seen in 3 cases and foreign body giant cell re- 
action in 2. 

Evidence of some blocd is usually seen in 
positive smears before radiation. It is a vari- 
able factor after treatment is instituted. In 
some cases the bleeding will stop and the 
smear be free of any blood. Others show fresh 
blood, fibrin, or blood pigment. 

Class 1. Radiation Effect in Malignant Cells. 
The malignant cells show pronounced radia- 
tion effect as well as do the normal cells of the 
vaginal and cervical mucosa. The time of the 
appearance of definite radiation reaction in 
these cells varies from patient to patient. The 
malignant cells all show radiation changes 
usually by the eleventh day of treatment, but 
occasionally the cells will appear radiated as 
early as the 8th day. Other cases may not 
show the complete effect until as late as the 
17th day of radiation. 

Radiated malignant cells show a good many 
changes similar to those seen in the normal 
cells. They increase in size, occasionally as 
much as four times. Their cytoplasm _be- 
comes vacuolated. This vacuolization is es- 
pecially striking in the small undifferentiated 
tumor cells which have little cytoplasm. The 
thin rim of cytoplasm becomes puffed out 
eccentrically with vacuoles which in some in- 
stances are larger than the nucleus (Fig. 19). 
The radiated malignant cells often contain 
more than one nucleus, and in many cases may 
appear as giant cells with 6 to 7 nuclei, prob- 
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ably again evidence of abnormal division 
stimulated by radiation (Fig. 20). The ap- 
pearance of the nucleus is not that of the 
heavy granular unradiated malignant cells, 
but rather it is one of complete pyknosis. The 
nuclei appear dead rather than active. Usu- 
ally no nucleolus can be made out. 

It is often very difficult to say whether a 
radiated cell was originally malignant or be- 
nign. This is especially true of the differ- 
entiated malignant cells seen in cervical epi- 
dermoid carcinoma. The bizarre cells of both 
the basal and intermediate layer still have 
more cytoplasm surrounding the nucleus than 
do the true differentiated malignant cells. The 
nuclei of the bizarre basal and precornified 
group are much more apt to have a washed 
out smooth appearance than a hyperchro- 
matic, pyknotic one. 

Nearly half of the cases described in this 
group showed an increase of malignant cells 
after radiation had begun. The time of the 
increase varied from 3 to 21 days and aver- 
aged 9. The remainder of the cases showed a 
progressive decrease in malignant cells until 
their final disappearance. It is perhaps inter- 
esting to note that 1 of the 2 cases of adeno- 
carcinoma of the cervix in this group showed 
persistence of malignant cells although they 
did appear radiated. The cells did not dis- 
appear until radium treatment was given. On 
the average, however, the malignant cells have 
disappeared by the 24th day after radiation 
has begun. 

Class 2—Little Radiation Change. Notallcer- 
vical carcinomas treated by radiation show 
the change described for the class 1 type of 
patient. Of the 22 cervical tumors in- 
cluded in this group followed during x-ray 
treatment, 8 showed a different picture. Six 
cases were epidermoid carcinoma of the cervix, 
| a papillary adenocarcinoma, and 1 an un- 
differentiated carcinoma. 

Two patients were given palliative doses of 
x-radiation (4200 r and 2800 r), and no ra- 
dium. As might be expected these patients 
showed very little change in any of the cells. 
Typical unaffected cells persisted during 
treatment. They showed little evidence of 
having been affected by x-ray. One of these 
patients given only palliative therapy showed 
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no effect of radiation at all in the normal cells, 
and the other only a very slight response at 
the end of 22 days. 

One patient was treated by radium alone 
(4700 mgm. hrs.). The smears from this pa- 
tient did show a disappearance of the malig- 
nant cells but no change in the normal cells. 

The remaining 5 cases had over 6000 r of 
x-ray and in addition at least 2400 milligram 
hours of radium. Of these cases 2 show per- 
sistent unradiated malignant cells, while 3 
had carcinoma cells persisting longer than 
usual and none of these cells showed any 
definite change. The smears from these pa- 
tients contain only a rare normal cell showing 
radiation reaction, though in these cases the 
therapy was adequate. 

As a control the vaginal smears of 2 cases of 
bladder carcinoma treated by radiation and 
uncomplicated by any uterine neoplasm 
have been studied. The normal cells in the 
vaginal smear show the same radiation 
changes as described for the class 1 type of 
case, and the changes took place at approxi- 
mately the same time. 


THE EFFECT OF RADIATION ON CELLS AS SEEN 
IN THE VAGINAL SMEAR IMMEDIATELY 
AFTER TREATMENT TO SIX MONTHS— 
SECOND GROUP 


The 50 patients included in this group are 
those whose follow-up began immediately 


after treatment or within 6 months. None of 
these patients were followed during their 
treatment and for this reason they have been 
segregated from the first group, though a good 
many of the changes described pany are 
seen in this group also. 

Eighteen cases (15 of epidermoid carcinoma 
and 3 of adenocarcinoma) presented moderate 
to marked reaction to radiation as shown by 
the cells in the vaginal smear. A reaction was 
considered as moderate if over half the epi 
thelial cells showed radiation change and the 
malignant cells had disappeared. A reaction 
was called “marked” if it was difficult to find 
any cells not showing radiation reaction. The 
reaction is identical with that described for 
the class 1 type in the first group. 

The striking effect of radiation on the cells 
of the vaginal secretion is not a lasting one. 
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The number of cells showing increase in size, 
vacuolization, bizarre shape, and invasion of 
the cytoplasm by leucocytes, rapidly dimin- 
ishes. Two months after treatment an occa- 
sional cell showing these changes is seen. By 
2 months such cells are even more difficult 
to find and in many instances the specific 
effect¢ of radiation have disappeared by this 
time. » The cornified and precornified are either 
completely normal or occur in groups without 
clear nuclear borders. As might be expected 
the nonspecific changes seen in the basal series 
persist for a much longer period. No definite 
time limit has been found for this effect to dis- 
appear. The basal cells have large active 
vesicular nuclei and often a vacuolated cyto- 
plasm. They may have a normal round con- 
tour or be aberrant, assuming an elongated 
form. Leucocytes and histiocytes may or may 
not be present, but usually the smear has a 
much cleaner appearance than seen earlier. 
Thirty-two patients (27 with epidermoid 
carcinoma, 4 with adenocarcinoma, and 1 
with adenocanthoma) showed little or no re- 
action to radiation in the epithelial cells of the 
vaginal smear. The response in the malignant 
cells was variable. Fourteen patients showed 
a disappearance of the malignant cells while 
the remaining 18 showed persistent cancer 
cells. The smears usually show perfectly 
normal or degenerate cornified and precorni- 
fied cells and a rare active basal cell. This is 
similar to that seen in the first group, class 2. 


THE EFFECT OF RADIATION ON CELLS AS SEEN 
IN THE VAGINAL SMEAR SIX MONTHS TO A 
YEAR AFTER TREATMENT—THIRD GROUP 


The 19 patients included in this group are 
those whose follow-up by vaginal smear began 
6 months to a year after radiation treatment 
was finished. This group necessarily overlaps 
the previous group somewhat in time element. 

Eleven (10 epidermoid carcinoma and 1 
adenocarcinoma) out of this group show the 
expected picture. The vaginal smear consists 
of perfectly normal or degenerate (cellular 
borders not distinct) cornified and precorni- 
fied cells, and aberrant basal cells with active 
vesicular nuclei. Small histiocytes and leuco- 
cytes are present but in variable numbers. 
Four patients showed foreign body giant cell 
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reaction. All the specific effects of radiation 
have disappeared by this time. 

Four patients (3 with epidermoid and 1 with 
adenocarcinoma) show no reaction of any 
kind. The smears are perfectly normal ones 
and any distinguishing characteristics are ab- 
sent. 

There are 4 patients (3 with epidermoid 
carcinoma and 1 with adenocarcinoma) who 
showed aberrant basal cells, increase in poly- 
morphonuclear leucocytes, evidence of blood, 
and malignant cells. These, of course, are 
postradiation recurrences. It is difficult to 
see any difference between these 4 and the 
rest of the group except for the presence of 
malignant cells. The epithelial cells in these 
smears are aberrant basal cells with active 
vesicular nuclei. 


THE EFFECT OF RADIATION ON CELLS AS SEEN 
IN THE VAGINAL SMEAR FROM ONE TO FIF- 
TEEN YEARS AFTER TREATMENT—FOURTH 
GROUP 


The 102 patients included in this group 
have been followed by vaginal smear begin- 
ning at 1 year to 15 years after treatment by 
radiation. It is in this group that the radia- 
tion has varied more than in previous ones 
since the time interval is of much longer dura- 
tion. Radiation treatment has varied con- 
siderably during the past 15 years so neces- 
sarily the cases are not exactly comparable to 
the first three groups described. However, 
they are an interesting group in which to 
study the prolonged effects of x-ray and ra- 
dium on the cells of the vaginal and cervical 
mucosa. 

Twenty-nine of these patients were given 
radium alone and these include all those whose 
follow-up is longer than 10 years. These are 
included in the groups to be described, since 
they show no distinguishing characteristics. 

This group of cases falls into three separate 
categories if divided by the type of cell found 
in the smear. Approximately one-third of the 
cases show only basal cells, one-third pre- 
cornified cells and basal cells, and the re- 
mainder cornified, precornified, and an occa- 
sional basal cell. This is not an age difference 
since the three groups do not differ signifi- 
cantly in age. 
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The smears which show basal cells alone 
have three variations. They may consist en- 
tirely of enlarged degenerate cells sometimes 
seen in normal atrophic smears of menopausal 
women (Fig. 21). These are basal cells whose 
nuclei are degenerate and large. The staining 
reaction of the nuclei is not even and often has 
a blotchy washed out appearance. The cyto- 
plasm also stains irregularly. This is not 
diagnostic of radiation but is seen as well in 
the atrophic smears from normal postmeno- 
pausal women. Another type of smear seen is 
one in which all the cells are aberrant and have 
large vesicular nuclei. The cells have elon- 
gated forms occasionally with rather long 
tails. It is often difficult to find any normal 
round basal cells. These queer forms are one 
of the most difficult types to distinguish from 
malignant cells. The nuclei of these cells, 
though active, are rarely as hyperchromatic as 
malignant nuclei. The third type is a smear 
in which sheets of basal cells are seen. The 


cells do not shed singly but come off in great 
clumps. These may be very confusing, since 
at first glance, especially when cell borders are 
indistinct, they are not unlike cancer cells 
except for their regularity in size (Fig. 22). 


These cell groups usually occur when the 
smear has been difficult to obtain. If an at- 
tempt is made to secure a vaginal smear when 
the mucous membrane is very dry and atroph- 
ic, the pipette is apt to aspirate cells from 
the mucosa directly and not those cells which 
have been shed previously. This smear is not 
representative of the vaginal secretion. A 
small percentage of patients afver radiation 
have no vaginal secretion. If secretion cannot 
be obtained with ease, it is perhaps better not 
to attempt to get a smear. 

Of this fourth group approximately one- 
third show only precornified cells and basal 
cells in the vaginal smear. The cells may 
appear perfectly normal or they may be de- 
generate with indistinct cellular borders. 
Cornified cells may also be present. However, 
it is very rare (3 of the smears of this group) to 
see a normal smear of precornified and corni- 
fied cells this long after radiation. 

Leucocytes are seen in this group of post- 
radiation smears, but their numbers are vari- 
able. Small histiocytes occur frequently. No 
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evidence of foreign body giant cell reaction 
was seen. Fresh blood is encountered oc- 
casionally, and is probably due to the breaking 
of small adhesions in the vagina. Blood pig- 
ment is a much more infrequent finding. 

Eight of these 102 patients represent recur- 
rence of their original disease. Five show 
typical undifferentiated carcinoma cells with 
no evidence of radiation reaction in the normal 
cells. Three show undifferentiated malignant 
cells and very active basal cells. The malig- 
nant cells are as those described for unradiated 
undifferentiated cells. They show noevidence 
of having originated from a tumor previously 
radiated. 

DISCUSSION 

The changes seen in the individual cells, 
both normal and malignant, which are desqua- 
mated into the vaginal secretion are quite 
comparable to those previously described by 
many authors in the study of biopsy speci- 
mens from irradiated patients. Of course, 
there are some differences since in a study of 
the vaginal smear a representative group of 
all types of cells is seen, while a biopsy is 
limited to that area which has been removed. 
Another distinguishing factor between the two 
methods is that the vaginal smear deals only 
with the cells on the surface while the biopsy 
shows the changes much deeper. 

Dustin, Frola, and Arneson and Stewart all 
have described the pyknosis of the nuclei of 
the cells in biopsy material from patients with 
carcinoma of the cervix. Pyknosis of the 
nuclei is marked in the radiation response as 
seen in the vaginal smear. The cells from the 
basal layer show a marked pyknosis which 
often is one of the prolonged effects and 
among the last to disappear. 

Dustin, Meigs and Parker (6), and Frola 
emphasize the atypical mitoses which occur in 
the malignant cells during treatment. Mitoses 
are rarely seen in the vaginal smear. This is 
true not only of the irradiated cases but un- 
treated cases as well. Whether cells in mitosis 
go on to complete the division after being 
desquamated or whether the majority of the 
cells in mitosis are deep and not likely to 
slough is not known. Evidence of abnormal 
mitoses is seen in the vaginal smear in the ab- 
normal malignant giant cells which are often 
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encountered after irradiation. A good many 
of the normal cells also show division of the 
nucleus with no division of the cell. 

Frola emphasizes the fact that after radia- 
tion there is a subsequent maturation of the 
undifferentiated cells to mature cells with 
sharp nuclear borders. We have not inter- 
preted any cells in this light. The bizarre 
shaped cell, which in an untreated carcinoma 
might be classified as a differentiated malig- 
nant cell, has been interpreted rather as a 
normal cell which has been so affected by radia- 
tion as to be almost indistinguishable from 
an unradiated differentiated malignant cell. 
This may be a mistake in interpretation but it 
is made on the basis that the cases of bladder 
carcinoma showed these bizarre cells although 
there were no malignant cells present in the 
genital tract. We have concluded that their 
unusual shapes, nuclear and cell size increase 
and, in occasional instances, the hyperchro- 
matic but pyknotic appearance of the nucleus 
is due rather to radiation effect on normal 
cells than to any maturation process stimu- 
lated by radiation. It is for this reason that it 
has become the policy of our laboratory not to 
call postradiation smears positive unless 
typical healthy undifferentiated malignant 
cells are seen. To one unfamiliar with radia- 
tion changes the bizarre cells and the queer pyk- 
notic, huge nucleus of the irradiated normal 
cells will often be confusing and lead to an 
error in diagnosis. 

Frankle and Amreich have described the 
swelling of cells during radiation therapy. 
This is very evident in vaginal smears. The 
size increase of cells both normal and malig- 
nant is very conspicuous. These same authors 
mention vacuolization of the cells. This effect 
is also seen in vaginal smears. It is one of the 
responses seen in marked reaction of the cells 
to irradiation. Frola, and Arneson and Stew- 
art mention the increased leucocytic reaction 
and the foreign body giant cell response of the 
cervical tissue to roentgen therapy. These 
reactions have both been described here as 
they are seen in the vaginal secretions from 
irradiated cervical malignancy. 

It is evident that the correlation of the 
numerous changes seen in the past in the 
study of irradiated cervical cancer by biopsy 
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and the changes seen in the vaginal smear are 
quite comparable. The pyknosis and degen 
eration of the nuclei, the swelling and vacuoli- 
zation of the cytoplasm, the evidence of 
abnormal mitoses, and finally the leucocytic 
infiltration and foreign body giant cell reac- 
tion are all seen in the vaginal secretion as 
they are in the biopsy material. The vaginal 
smear is a much simpler way of studying the 
reaction of both tumor and normal cells. It is 
difficult to do serial biopsies on treated pa- 
tients. Toward the end of treatment the 
biopsy may show only necrosis and no viable 
tissue, thus making interpretation impossible. 
The vaginal smear, on the other hand, is ob- 
tained with great ease, as often as desired, for 
the whole course of treatment. It has the 
additional advantage of giving possibly a 
more accurate picture since the entire cell 
population of the cervix and vagina is repre- 
sented, not merely that of one specific area. 
The vaginal smear represents a unique and 
possibly important method of studying radia- 
tion reaction in cervical carcinoma. 


SUMMARY 
Two hundred and six cases of cervical carci- 
noma in which patients were treated by 
radiation have been studied by vaginal smear. 
Both immediate and late changes in the cells 
in the vaginal secretion have been described. 
Correlation with studies by biopsy have been 
discussed. The applicability of this method for 
study of radiation effect in cervical cancer 
has been suggested and emphasized. 
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THE EFFECT OF RADIATION ON VAGINAL CELLS 
IN CERVICAL CARCINOMA 


II. The Prognostic Significance 


RUTH M. GRAHAM, B.S., Boston, Massachusetts 


SIMPLE method of determining what 
effect radiation has on carcinoma of 
the cervix during and immediately 
after treatment would be of great 

practical value. ‘The present methods of 
evaluating results are exceedingly cumber- 
some. Most advances in roentgen therapy of 
this disease have been determined on the sur- 
vival rates of a certain group of patients as 
balanced against another group treated dif- 
ferently. If a method could show that at the 
end of treatment a satisfactory or unsatisfac- 
tory result could be expected, instead of the 
necessity of waiting for a 5 year survival rate, 
the number of cures might be appreciably in- 
creased by modification of the present methods 
of treatment. We believe that the study of the 
response of cervical tumors to radiation treat- 
ment by means of vaginal smear may repre- 
sent a method of practical value in the early 
prognosis of cervical cancer. 

Many studies have been done in an attempt 
to correlate biopsy data with possible prog- 
nostic value. In 1936 Warren, Meigs, and 
associates published a series of 70 cases of 
carcinoma of the cervix studied by means of 
repeated biopsies during radiation treatment. 
They found that if the tumor showed marked 
radiation effect and there were changes in the 
stoma consistent with radiation reaction, the 

‘survival rate was increased. If, however, the 
tumor showed little effect and the stroma little 
or none, the patients did very poorly. 

Other authors have attempted to correlate 
the grade of tumor with the clinical response. 
Stewart and Farrow, in 1940, reported that 
there was a marked difference in the response 
to x-ray and radium of the same grade tumors. 
In their opinion single biopsies were not very 
valuable in judging the actual response. They 
conclude that a more satisfactory prognosis 
can be made on the basis of the clinical type of 


tumor, i.e., the cauliflower growth does much 
better than the crater-like type of iesion. 

An interesting study has been reported re- 
cently by Glucksmann and Spear. They have 
attempted to quantitate the radiation re- 
sponse in treatment. The authors emphasize 
that great care be taken to secure the tissue for 
biopsy from the growing edge of the tumor. 
These biopsy specimens were sectioned and 
areas which showed papillary projections 
growing into normal tissue were the ones 
chosen for study. Quantitative counts were 
done on four types of cells in these areas: (1) 
the cells in mitosis, (2) resting carcinoma cells, 
(3) differentiating cells, (4) degenerating cells. 
The cells in mitosis disappeared soon after 
treatment was instituted, the resting carci- 
noma cells persisted longer than the cells in 
mitosis, but these too gradually disappeared. 
The differentiating cells increase, finally dis- 
appearing after treatment is ended. The de- 
generating cells increase throughout the treat- 
ment and persist for sometime afterward. 
Thus if the degenerating cells and carcinoma 
cells are plotted against the days of treatment 
a graph is obtained in which the two lines cross 
since as the degenerating cells increase the 
carcinoma cells disappear. In an unfavorable 
response the carcinoma cells both in mitosis 
and those resting remain, and the degenerat- 
ing cells do not increase, giving a graph where 
the lines are parallel. 

In a previous publication the effect, both 
immediate and prolonged, of radiation on the 
cells seen in the vaginal secretion of patients 
with carcinoma of the cervix has been de- 
scribed. In this paper an attempt has been 
made to correlate these findings with the clini- 
cal picture and the end-result of treatment. 

Of the 206 cervical carcinomas studied in 
the previous paper, only 73, whose follow-ups 
were of sufficient length of time (first and 
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second groups), are included in this study. The 
changes seen during and immediately follow- 
ing treatment are the important ones as far 
as any prognostic value is concerned. As yet 
no correlation has been obtained in the ap- 
pearance of the vaginal smear months or 
years after treatment. 

In our first paper on the changes due to 
radiation as seen in the vaginal smear, we de- 
scribed the cases followed during and immedi- 
ately after treatment as falling into two def- 
inite classes. The first class is that which 
shows the following changes. The normal 
cells: the basal cells first increase in size, then 
show signs of degeneration and, toward the 
end of treatment, show marked degenerative 
changes such as vacuolization of the cyto- 
plasm and marked pyknosis or karyorrhexis of 
the nuclei. The precornified cells show the 
same changes though these occur later than 
those seen in the basal layer. The degenera- 
tion of the nucleus is not as prominent in the 
precornified cells as in the basal. The nuclei of 


the precornified cells often have a smooth 
washed out appearance. The cornified cells in- 
crease tremendously in size, and there is much 
cytoplasmic degeneration, but since the nuclei 
of these cells are originally pyknotic there is no 
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Chart 1. A good response to radiation (Case 6 in Table 
IIT) showing a complete disappearance of malignant cells 
by the 18th day and a maximum radiation effect in the 
normal cells by the 23rd day. It should be noted that the 
percentage of malignant cells is based on a scale in which 
100 per cent equals the maximum incidence of these cells 
encountered in any of the smears on this case, while the 
radiation effect is based on too per cent equaling a response 
in all normal epithelial cells. 
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Chart 2. A poor response to radiation (Case 19 in Table 
IV). There is very little diminution in the number of 


malignant cells seen and the normal epithelial cells show 
only a slight response to radiation. 


change there. The smears usually show a pro- 
gressive leucocytosis and an increase in small 
histiocytes. Occasionally phagocytic histio- 
cytes appear and in a few cases foreign body 
giant cells were seen. Malignant cells: these 
usually persist until the tenth or eleventh day 
of treatment. They sometimes increase in 
numbers and then disappear, but more often 
show a gradual decrease. The time of their 
disappearance is unimportant. More impor- 
tant is the gradual decrease. The malignant 
cells of class I show pronounced radiation 
changes. They are often multinucleated giant 
cells, probably evidence of amitotic division. 
They show the same degenerative changes as 
described for the normal cells, increase in size, 
vacuolization, and finally a smooth washed out 
appearance to the nucleus, pyknosis or a com- 
plete breaking up of nuclear material. 

Chart I shows a typical case which falls into 
class I. The approximate percentage of nor- 
mal cells showing radiation reaction and the 
approximate percentage of malignant cells 
present, whether healthy or irradiated, are 
plotted against the days of treatment. It is 
important to note that the chart is approxi- 
mate and does not represent absolute quanti- 
tative data. It is difficult to do accurate cell 
counts on vaginal smears since many fields are 
too thick to count individual cells and only 
thin areas could be used. The chart merely 
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TABLE I.—GOOD RESPONSE GROUP 


Stage . No. of cases 


Well No follow-up 
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indicates subjective conclusions regarding in- 
dividual smears. If on extensive search no 
malignant cells were found either healthy or 
irradiated, the percentage was recorded as 
zero. If on examination of the slide it was 
difficult to find any normal cells not showing 
advanced radiation changes the radiation ef- 
fect in the normal cells was recorded as 100 
per cent. The points other than these on the 
curve are distinctly personal interpretation of 
the entire individual smear. 

As can be readily seen from the chart the 
number of malignant cells gradually decreases 
as the number of normal cells showing radia- 
tion response increases. This we regard as a 
marked response to radiation therapy. Oc- 
casionally marked radiation response is shown 
in the normal cells, yet some radiated malig- 
nant cells will persist though they have de- 
creased. This we still regard as a favorable re- 
sponse since the reaction in the normal cells 
appears to be the most important in the prog- 
nostic value. We have not had a case in which 
the normal cells showed marked radiation re- 
sponse and the malignant cells showed no de- 
crease and appeared unradiated. This type of 
chart is almost identical with that character- 
istic of a good response published by Glucks- 
mann and Spear on quantitative cell counts of 
biopsy material in irradiated cervical carci- 
noma. 

The clinical course of the patient shown in 
Chart 1 is as follows: this 27 year old, quadri- 
para, entered the hospital with a complaint of 
vaginal bleeding for 6 months. She was found 
to have a stage III carcinoma of the cervix. 
The tumor was an epidermoid carcinoma 
grade II. She was given 6000 r through two 
portals over a period of 20 days. After x-radi- 
ation she was given two separate doses of 
radium totaling 45co milligram hours. Fifteen 
months after treatment a biopsy was done of 


tissue from a small raised area in the vagina. 
The pathological report on this tissue was 
papilloma. Patient has been well and symp- 
tom free for 2 years since treatment. 

In the class 2 type of reaction there is very 
little reaction in the normal cells. The per- 
centage of cells showing radiation reaction is 
very small. The malignant cells do not disap- 
pear. Chart 2 shows a graph which is seen in 
the class 2 type of patient. This is an entirely 
different picture from that seen in Chart 1. 
The lines are parallel. There is little evidence 
of any effect of radiation either in normal or 
malignant cells. This type of chart we regard 
as a poor response to radiation and again it is 
almost identical with that reported by Glucks- 
mann and Spear as characteristic of an un- 
favorable response. 

The clinical course of the patient shown in 
Chart 2 is as follows: this 39 year old, tripara 
entered the hospital with the chief complaint of 
postcoital bleeding of 6 months’ duration. The 
tumor was an epidermoid carcinoma grade II 
with a clinical classification of stage III. She 
received 6200 r of 1200 kilovolt x-radiatio1 
though two portals which was followed by a 
total of 3920 milligram hours of radium in two 
separate doses. Patient died of her disease 9 
months after the termination of treatment. 

RESULTS OF STUDY 

Seventy-three cases are included in this 
study. Of these 59 were histologically epider- 
moid carcinoma, 11 adenocarcinoma, and 3, 
undifferentiated carcinoma. There has been no 
correlation between the type or grade of tumor 
and the subsequent response to radiation. 

The cases have been divided into poor and 
good responses. Thirty-six were judged as 


TABLE II.— POOR RESPONSE GROUP 


Persistent 
disease, 
Recurrence 
or dead 


No. of cases No follow-up 








Unknown 

















Total 
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TABLE III.—GOOD RESPONSE GROUP 


Type and | “Stage 1 ox 2 P Biopsy _ Vaginal 
Patient Symptoms grade of Treatment after smear Follow-up 
tumor disease treatment response 





1. R.C. Postcoital bleeding Epi. II 6000r 3900 mghrs. Good None 
439065 








2. E.R. Bleeding 6 mos. Epi. IV 6000r 4500 mghrs Good Well-2 yrs 
439680 





M.R. Vaginal bleeding Epi. ca. $ 6o000r 4500 mghrs. | Chronic inflamma- Good Well-2 yrs. 

tion 

Postcoital bleeding Epi. Il 2 6200 r 4000 mghrs. | Epi. ca. : Good Well 14 mo. 
6 mos Taussig operation _ gastric node 

6 mos. after radi- ‘aussig 

ation 





“Bleeding 4 mos. Epi. II 6200r 4000 mghrs. Acute Inflamma- Good 
tion and necrosis 

Bleeding 6 mos. Epi. II 6000r 4500 mghrs. | 15 months after Good 
438206 treatment: 
papilloma 
M.J. 7 Episode of vaginal Adeno 6000r 4500 mghrs. | Chronic Inflamma- Good Dead 
bleeding tion 


8. A.R 5 Bleeding 6 mos. Epi. Il ‘ 20er 4000 mghrs. | Acute and chronic ~~ Good Well 2 yrs 
439050 inflammation 


9. A.T. Bleeding 6m mos Adeno 6000r 3500 mghrs. | Adenocarcinoma Ra- Good Well 2 yrs. 
diation reaction 





1o. L.M. ‘ Bleeding 6 days Epi. i Good None 
483419 








Af Epi. III 4200r 1680 mghrs. Good None 
4499: 303 





Spotting Epi. II “i 6000r 4440 mghrs. | Epi. carcinoma ; Well 2 yrs 
Chronic inflam- 
mation 


M. Bleeding 3 ‘days Epi. Ill 6000r 4400 mghrs. ‘Chronic inflamma- ; Well 1 yr 
448361 tion 


14. M.R : Adeno. 6000r 4000 mghrs. | Chronic inflamma- Good Well 16 mos 
439050 tion 
15 L P Bleeding 6 mos. Epi. Il 6300r 2000 mghrs. Epi. carcinoma Good Well 11 mos. 
4690506 Chronic inflam- 
mation 





16. L.T Bleeding z 2 mos. i. 6000r 4500 mghrs. | Epi. carcinoma Good Well 10 mos. 
404874 Acute and chron- 
ic inflammation 





17. W.M. Bleeding 4 yrs. Epi. Ill 2t00r 3750 mghrs. | Epi. carcinoma Good Well 5 mos 
593552 





18. C.A. 3 Intermenstrua] bleeding | Epi. II 4800r 3045 mghrs. | Epi. carcinoma Good Well 16 mos 
21896 


A.C Bleeding i. 6600r 4500 mghrs Epi. carcinoma Good Well 1 year 
21988 showing marked 
radiation reaction 


. M.D. Bleeding 5 mos Epi. Ill : 3700r 4500 mghrs. Foc ci of residual epi 3 Well 18 mos 
21936 carcinoma show- 

ing radiation re- 

action 

Bleeding 2 yrs. Epi. II 2200r 3300 ometive. Residual tumor Good Well 18 mos 

showing radiation 

reaction 





Bleeding Epi. Ca 2300Fr 4500 50 mghrs. Radiation showing Good Dead 
scattered cells 
Bleeding Adeno 5 6300r ? amount of | Carcinoma. ‘Redia- "Good Well 6 mos. 
radium tion effect 





Bleeding 8 mos. Epi. III 6000r 4000 mghrs. | No evidence eof Good | Well 11 mos. 
475 340 malignancy 





25. A.S ‘Bleeding 6 mos. Epi. III Exact amount not Good Well 18 mos. 
known 








26. ALL. I : period of postmeno- Epi. III 6000r 4120 mghrs. | No evidence of Good Well 27 mos. 
420781 pausal bleeding ' : malignancy 
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TABLE III.— 


——S— >= 


Stage 
_of 
disease 


Type and 
grade of 
tumor 


Patient Symptoms 


27. M.S. 


Bleeding 2 wks. 


Epi. 


Postcoita! bleeding Epi. Il 


Epi. un- 
graded 


Irregular bleeding 
Spotting between 
periods 


2nd recur- 
rence of 
adeno. 


Bleeding 6 mos Epi. 


Spotting 6 mos 


Epi. Il 
. 21866 


33. M.F 
473195 


Profuse watery dis- Epi. III 
charge 
34. L.S. Bleeding 1 mo Epi. II 


Spotting 1 yr. 





Epi. II 


Right lower quadrant 


‘| Epi. 1 

















pain 


GOOD RESPONSE GROUP—Continued 


6000r 4500 mghrs. 


6000r 4590 mghrs. 


10,000r 5000 


P 


s800r 4355 mghrs. 


2 


eration 2950 
6000r 4050 mghrs. 


6000r 4000 mghrs. 


6000r 4000 mghrs 


6000r 4930 mghrs. 


Biopsy 
after 
treatment 


Treatment Follow-up 


Acute inflamma- 
tion necrosis 


Died 7 mos. 


Acute and chronic 
inflammation 





590 mghrs. Well 19 mos. - 


Well 3 yrs. 
mghrs. 
Persistent disease 

present 15 mos. 


Adenocarcinoma 
highly malignant 


revious treatment Good 
3600r present 
treatment 7500r 


? residual] tumor 
cells 


Good Well 15 mos. 
Wertheim 
hysterectomy 
Residual tumor 
showing radia- 
tion reaction 
Acute inflamma-_ 
tion and necrosis 


Good 


350r Taussig op- Well 18 mos. 
mghrs. 


Well I yr. 


Good 


Well 4 mos. 


Good 


Good 


. Wel 18 mos. 


1 Well 17 mos. 


Carcinoma. Radia- 
tion effect 


Good 














good results. Of these, 28 patients are living 
and well with no evidence of persistent disease 
or recurrence. Five patients are dead. We 
have been unable to follow 3 patients. Table I 
shows the good response group divided by 
clinical stage of disease. 

Thirty-seven cases were classified as poor 
responses. Of these 26 are dead, 8 have per- 
sistent disease or recurrence and 3 are living. 
Of these 3, 2 have not been examined during 
the past year but they are known to be alive. 
Whether they have persistent disease or not is, 
of course, in doubt, but we have classified them 
as well. Table II shows the poor response 
group divided by clinical stage of the disease. 

If Tables I and II are compared it will be 
readily seen that there is correlation between 
the prognosis by vaginal smear and the clinical 
stage of the disease. Both the groups in stage 
I and stage IV are too small to be of a great 
deal of significance. However, they are re- 
versed as to prognosis both by vaginal smear 
and clinical response. Stage II shows a ma- 
jority of the cases in the good response groups, 
and in stage III the cases in the poor response 
group are in the majority. 

Tables III and IV give in detail the cases 
included in this study. The age, duration of 


symptoms, type and grade of tumor, stage of 
disease, amount of treatment, biopsies after 
radiation, response by vaginal smear, and 
follow-up are all listed. 

Though in a series as small as this, statistics 
of error are not of very great value it is perhaps 
of interest to point out that if the cases with 
no follow-up are excluded from the series the 
prognostic accuracy of the vaginal smear in 
carcinoma of the cervix is 88 per cent. Glucks- 
mann reported an accuracy of between 80 per 
cent and 86 per cent in a longer series by 
means of quantitative counts of biopsy 
material. 

It should be mentioned that the follow-up 
on this series is not as long as would be most 
desirable in a study of this kind. The longest 
follow-up is 3 years, and several patients have 
been followed-up less than a year. It is fairly 
obvious that there may be patients who have 
been classified as good responses who may yet 
have recurrences. However, the results in the 
poor response group are such that the length 
of time of the follow-up is less important. 
This fact for the time being at least would 
seem to indicate that a greater importance 
be attached to a poor response than a good 
response. 
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Patient Symptoms 


1. MK. 


Bleeding 4 mos. 


TABLE IV—POO 





Type and 
grade of 
tumor 


Epi. IV 





Vaginal bleeding. Recur- 
rence of disease treat- 
ed by radium-1932 

Vaginal bleeding 3-4 
wks. 

Bleeding 3 wks. Wer- 
theim operation 1943 
Recurrence 1944 

Pain in hip ro mos. No 

450930 bleeding 


6. M.H. 
440055 


Bleeding 6 wks. 


DS 


7 Bleeding 1 mo 
483843 


8. B.S 
359809 


9. M.E. 
443037 


10. K.D. 
229221 


Bleeding 6 yrs 
Bleeding 4 mos. 


Bleeding 4 mos. Recur- 
rence of disease treat- 
ed by x-ray in 1938 


11. M.R. Bleeding 3 yrs. 


448198 
Severe attacks of vomit 
ing. No bleeding 


12. E.K 
124387 

13. M.C. 
451643 

14. L.B. 
494748 


Bleeding 3 mos. 
Bleeding 10 mos 


15. A.M. Bleeding 2 wis. 


499432 


16. C.T. Spotting 17 mos. 


3409909 


17. A.D. Bleeding 


Pr. pt 


Bleeding 6 mon 
Wertheim opera.ion 
1943. Recu ce 1945 

Bleeding 6 mos. 

Bleeding 1 mo. 

Bleeding 6 mos. 

4586000 
22. N.T. 
494707 

o3. Vl. 
Pr. pt. 
10607 


24. D.A. 
Pr. pt. 
10896 

25. E.T. 
Pr. pt. 
10908 


Bleeding 4 mos. 


Bleeding 1 mo. 





Bleeding 6 mos. 


Bleeding 14 mos. 








Epi. I 





Undifferen- 
tiated 


Epi. II 
Epi. 111 


Epi. Il 
Epi. IV 
Epi. 

Epi. Il 
Epi. IIL 


Epi. carci- 
noma 


Epi. I 


Epi. III 


Epi. Il 


Epi. HI 


Epi. I 


Epi. UI 


Adenocarci- 
noma 


Epi. I 


Adenocarci- 
noma 

Epi. IV 

Adenocarci- 
noma 


Epi. II 


Epi. carci- 
noma 


Epi. L } 





— 


of 


disease 


3d 


2d 


Stage 


Treatment 


6000r 4520 mghrs. 


6000r 1500 mghrs. 
in 1944 


6000r 3900 mghrs. 


Oooor 3900 mgnhrs. 


4500r 4400 mghrs. 
6000r 4100 mghrs. 
6000r 4620 mghrs 


7200r 4400 mghrs. 


4ooor 4500 mghrs. 
6200r in 1938 
2200r in 1944 


6000r 3860 mghrs 


6000r 4020 nighrs. 
6000r 4500 mghrs. 
6000r 4500 mghrs 


6000r 4500 mghrs 


6000r 3700 mghrs 


1500r 3700 mghrs. 


6400r 14 Mos. post 
operatively 


6200r 3920 mghrs 


4ooor 
41oor 
6000r 4500 mghrs. 


6000r 4968 mghrs 


5200r 3115 mghrs 





x-ray, ? am’t 
4000 mghrs. 





R_ RESPONSE GROUP 


Biopsy 
after 
treatment 


Necrosis 


Acute and chronic 
inflammation 


Acute chronic in- 
flammation 


Acute inflamma- 
tion 


Acute and chronic 
inflammation 


Acute and chronic 
inflammation 


No diagnostic ab 
normality 


Acute inflamma 
tion 


No evidence of 
malignancy 


Acute and chronic 
inflammation 


Adenocarcinoma 


No evidence of 
malignancy 


No evidence of 
malignancy 








Vaginal 
smear 
response 


Poor 


Poor 


Poor 
Poor 
Poor 
Poor 
Poor 


Poor 


Poor 
Poor 


Poor 


Poor 


Poor 


Poor 
Poor 
Poor 


Poor 


Poor 


Poor 





Dead 4 mos 
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Follow-up 


Dead 8 mos. 
treatment 


after 


Dead 5 mos 
treatment 


after 


Dead 7 mos. after 
treatment 
Dead 4 mos. after 
treatment 


Dead 


Well 8 mos. No fol- 
low-up since 
Dead 1 mo. after 
treatment 
Dead 12 mos. after 
treatment 
Dead 7 mos. after 
treatment 
Dead 15 mos. after 
treatment 


Noexam. but known 
to be alive 2 yrs 
after treatment 

Died 5 mos. after 

treatment 


Dead 19 mos. after 
treatment 


Persistent disease 
present 7 mos 
after treatment 


Persistent disease 
present 6 mos 
after treatment 


No evidence of dis 
ease 2 yrs. after 
treatment 


Recurrence of dis 
ease 2 yrs 


Persistent disease 


present 


Dead 10 mos. alter 
treatment 
Dead 11 mos 
treatment 


after 


Dead 3 mos. after 


treatment 


Dead 


Poor | Died 18 mos 


treatment 
after 
treatment 


Recurrence 16 mos 





Pr. pt., private patient 
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TABLE IV.—POOR RESPONSE GROUP—Continued 


Type and Stage 
grade of o 
tumor disease 


Patient Symptoms 


6. D.V. 
pr. pt 
11024 


Epi. 11 “ath 


27. M.M 


452007 


Epi. III 


Bleeding 6 mos 


28. D.T Epi. IV 


491040 


Bleeding 4 mos 


19. B.H Epi. I 


P. 21625 


Bleeding 8 mos 


Adenocarci- 
poma 


Epi Te 


30. S.B 
P. 220098 
31. P.G 
P. 22034 


Severe pain lower back 
and pelvis 

Adenocarci- 
noma 


c.7 


2 Bleeding 
P. 21926 


2 yrs 


Undifferenti- 
ated carci- 
noma 


3. M.P 
Pj 21840 


Vaginal discharge 


Undifferenti- 
ated 


Epi. II 


Bleeding 3 mos 


Discharge 3 mos 


Adenocarci- 
noma 


Bleeding 13 mos 

















Bleeding 1 yr 


Epi. 1 


6000r 3960 mghrs. 


7600r 3030 mghrs. 


6400r 4540 mghrs. 


6400r 4660 mghrs. 


6000r 3200 mghrs. 


6000r 4500 mghrs. 


840or 


Vaginal 
smear 
response 


Biopsy 
after 
treatment 


Treatment Follow-up 


Dead 


Chronic inflamma- Recurrence 21 mos 
tion later 


Dead 








Died 15 mos. after 
treatment 

Died 1 yr. 
treatment 


after 





Died 9 mos. after 
treatment 


Recurrence 10 mos. 


Died 5 mos. after 
treatment 


Marked radiation 
reaction of stroma 
and tumor. 2nd 
biopsy, marked re 
sponse of stroma, 
poor effect on 
tumor 





Died 5 mos. after 
treatment 


Died 5 mos. after 
treatment 

Died 4 mos. after 
treatment 
Persistent 

present 


disease 














DISCUSSION 

Many authors have shown that a correla- 
tion between radiation response and prognosis 
could be obtained by studying radiated tissue. 
Glucksmann and Spear’s recent work on biop- 
sies from the growing edge of tumors which 
have been irradiated confirms the impression 
that the radiation response in normal and 
malignant cells is of great importance in the 
evaluation of the final result of radiation 
treatment. 

The method of biopsy in the study of radia- 
tion response is both time consuming and ex- 
pensive. It is impossible from a practical 
standpoint in most clinics to make biopsy 
studies of patients once a week during their 
entire course of therapy. Furthermore as 
treatment progresses, biopsies are difficult to 
obtain and during the later part of treatment 
may show only necrotic tumor if care is not 
taken. 

We feel that the vaginal smear method 
represents a more practical method for follow- 


ing patients during radiation therapy. The 
vaginal smear is easy to obtain. Technicians 
can be taught easily to take satisfactory 
smears. Smears may be taken daily if desired. 
Another distinct advantage of the vaginal 
smear is that a representative group of all the 
cells, both normal and abnormal, of the cervi- 
cal and vaginal mucosa are seen. For this 
reason the total effect of radiation reaction 
can be perhaps more accurately determined. 
The results as shown by our figures in this 
series of 73 cases are significant enough in our 
opinion to suggest to the clinician the vaginal 
smear as a practical approach to the problem 
of radiation response of cervical carcinomas. 
If by a study of the vaginal secretion the 
immediate response of the tumor to radiation 
can be determined, the treatment of cervical 
carcinoma may be made more effective. If a 
case is a borderline surgical risk and has 
shown no response to radiation, better results 
might be obtained by re-evaluating the case 
after radiation and considering radical sur- 
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gery. One third of the stage II cases showed 
no radiation response. This is certainly a 
group of cases in which the salvage rate might 
be appreciably increased by surgery. Some 
patients may require more radiation to bring 
about the desired effect, and these could be 
followed by means of vaginal smear to see if 
additional treatment would produce reaction 
in normal and malignant cells. 

We feel that the study of the radiation re- 
sponse of cervical carcinoma by means of the 
vaginal smear represents a practical method 
which will aid in evaluating the effect of treat- 
ment on the tumor and will be a useful tool in 
the prognosis as well as the treatment of 
this disease. 
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SUMMARY 
Seventy-three cases of cervical carcinoma | 
have been studied by means of the vaginal 
smear during and immediately after radiation 
treatment for possible prognostic significance. 
They have been classified as good or poor re- 
sponses. The prognostic accuracy is 88 per 
cent. The practical application of the method 
has been discussed. 
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PATHOLOGICAL PHYSIOLOGY OF BILIARY DRAINAGE 
The Use of a New Type of T-Tube and the Criteria for its Removal 


JOHN M. McGOWAN, M.D., F.A.C.S., F.R.C.S.(C)., 
J. KENNETH KEELEY, M.D., and FRANCIS HENDERSON, M.D., 


Boston, Massachusetts 


HE importance of exploring the 

common bile duct at the time of 

cholecystectomy and of subsequent 

T-tube drainage has been firmly es- 
tablished by many authorities. Prolonged 
T-tube drainage decompresses the biliary tree 
permitting recovery from cholangitis and 
pancreatitis. In addition to the therapeutic 
benefits, the T-tube affords a means for 
studying the pathologic physiology of the 
biliary and pancreatic systems. These studies 
are (1) roentgenological, (2) manometric, and 
(3) chemical. Roentgenologically one may de- 
tect the presence of hydrohepatosis, a missed 
stone, stricture, duodehal spasm, or pan- 
creatitis. By pressure studies one is able to 
determine the degree of cholangitis, pancrea- 
titis, ampulla edema, or spasm. By chemical 
tests of the T-tube bile one can determine the 
degree of liver damage present. By such 
means, therefore, the progress of recovery of 
the biliary system may be checked periodically 
and the exact time at which the T-tube should 
be removed can be determined. Previously, 
roentgenograms taken in the anteroposterior 
position have usually been considered ade- 
quate. We, however, have taken roentgeno- 
grams in the lateral position also, and have 
found to our surprise that the type of T-tube 
ordinarily used tends to pull out and a kinking 
of the common bile duct results. In some 
cases the common duct was so sharply kinked 
that obstruction to the flow of bile resulted. 
Accordingly, we have developed a new tube for 
biliary drainage which avoids kinking of the 
common duct. It is with the presentation of 


\ part of the work of this paper was done in Doctor Francis 
Henderson's Laboratory, fourth Surgical Service, Boston City 
Hospital, Boston, Mass. 

From the Surgical Service, Regional Hospital, Camp Joseph 
T. Robinson, Arkansas, the Boston City Hospital, and Tufts 
Medical School, Boston, Mass. 


this tube and its comparison with the standard 
type that this paper is chiefly concerned. 


REVIEW OF LITERATURE 


Lahey has written forcefully of the neces- 
sity for exploration of the common bile duct. 
In 1938 he reviewed his cases over a period of 
28 years and showed that while the frequency 
of exploration increased from 15 to 50 per 
cent, the incidence of common duct calculi 
apparently increased from 8.4 to 18 per cent. 
In other words, the more he looked for stones 
the more he found. He also found that in 39 
per cent of the cases in which common duct 
stones were found at operation there was no 
history of jaundice. An even higher incidence 
—up to 30 per cent of all of gall-bladder stone 
cases—of calculi in the common duct as well 
has been reported by others. Data published 
by Allen and by Walters have been confirma- 
tory. Cutler and Zollinger (4) explored the 
common duct in 40 per cent of a series of 
cholecystectomy cases and found common 
duct calculi in 22 per cent. In a series of 
cases of choledocholithiasis reported by Judd, 
a history of intermittent colicky pain was 
found in 98 per cent, jaundice in 65 to 75 per 
cent. Bile was obtained on duodenal drainage 
in 83 per cent of these cases. These and many 
other surgeons have stated that there is little 
or no increase in mortality when choledochot- 
omy is added to the cholecystectomy opera- 
tion. Among present day indications for 
exploring the common bile duct may be listed 
the following: (1) a history of chills and 
jaundice; (2) palpable common duct calculus; 
(3) dilated common duct; (4) thickening of 
the head of the pancreas; (5) multiple small 
calculi or sand in the gall bladder when the 
cystic duct is large in size; (6) a history of 
calculi recovered from the stools. 
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While the necessity of common duct drain- 
age has been generally accepted, the duration 
of the drainage has remained a matter of de- 
bate. There is no general agreement as to the 
proper length of time the T-tube should be 
left in place in any given type of case. Carter 
found on questioning 6 eminent authorities 
that there were no established criteria for the 
removal of the drainage tube. Opinion 
ranged from 2 weeks in uncomplicated cases 
to 2 months in cases showing marked cho- 
langitis and evidence of marked obstruction 
at the time of operation. Few surgeons left 
the T-tube in for longer periods. Some be- 
lieved that prolonged drainage predisposed to 
development of persistent biliary fistula or 
stricture of the common duct. Evidence is 
accumulating that these conditions very 
rarely occur in otherwise uncomplicated cases. 
In the cases which we have studied, we have 
found no evidence of any complications from 
the use of the T-tube. The biliary fistula 
healed promptly after removal of the T-tube 
in each case provided there was no stricture 
and the T-tube was not removed prematurely. 
Previously then, the optimum time for re- 
moval of the common duct T-tube has been a 
matter of personal experiences and opinion, 
therefore, a matter for debate. Within recent 
years we have developed certain physiological 
tests which we have found useful in determin- 
ing the optimum time for the removal of the 
T-tube, and we have outlined these tests in 
previous communications (10, 12). They con- 
sist of roentgenologic and pressure studies for 
determination of patency of the common bile 
duct and the presence or absence of cholangi- 
tis. Briefly the T-tube is left in until the 
lower end of the common duct is patent and 
the cholangitis has completely subsided. 

In the presence of obstruction preventing 
the normal emptying of the biliary tree, dila- 
tation occurs throughout the entire system as 
demonstrated so clearly by Counseller and 
MclIndoe, who have shown that the changes 
involved even the finest biliary radicals re- 
sulting in a diffuse process of “hydrohepato- 
sis.” In previous communications (10, 13), 
we have shown that these anatomical changes 
have their physiological counterpart as may 
be demonstrated by the disturbed intrabiliary 


pressure relationship. By means of a water 
manometer previously described (11), we have 
measured two types of pressure: (a) the rest- 
ing intrabiliary and (b) the perfusion pain 
level. (a) The resting intrabiliary pressure, 
an index of patency of the lower end of the 
common bile duct, should be 30 millimeters of 
water or less. (b) The perfusion pain level, 
an index of common duct sensitivity and 
hence inflammation, is the lowest pressure at 
which the common duct can be perfused with 
saline before discomfort is experienced by the 
patient. A patient with a common duct free of 
inflammation can tolerate up to 500 milli- 
meters of water without pain. When there is 
any obstruction to the flow of bile into the 
duodenum, the resting intrabiliary pressure 
will be found to be increased. If there is 
cholangitis present, the patient may experi- 
ence pain on perfusion with pressures as low 
as 100 millimeters of water or less. Pressure 
readings are made 2 weeks postoperatively at 
which time the resting pressure is frequently 
found to be elevated and the pain level is often 
considerably decreased. As a result of the 
decompressing effect of continued T-tube 
drainage, these disturbed pressure relation- 
ships slowly change toward normal, unless 
the damage to the liver and ducts has been 
very severe. This return to normal values 
may not occur for a long period after relief of 
obstruction; even as long as 3 months or more. 

The injection of a radiopaque substance 
by way of an inlying T-tube to obtain an 
exact representation of the contour of the 
biliary tree has been reported by Mirizzi and 
others. He reported a series of 400 cases col- 
iected over a period of 5 years. His method 
included the injection of lipiodol, at the time 
of operation, into some portion of the bile 
duct system for the purpose of obtaining an 
x-ray at once, “immediate cholangiography.” 
Should an anatomical defect be found, Mirizzi 
explores the common duct. Robins and Her- 
manson reported 25 cases in which they had 
made use of this procedure at the operating 
table preferring hippuran because they found 
it less irritating. Other series of cases reported 
not only confirmed the value of this procedure 
as a determinant for or against common duct 
exploration, but also called attention to its 
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Fig. 1. A diagram of the new type of T-tube with at- 
tached Foley bag. 


value postoperatively, the so-called delayed 
cholangiography. By these procedures it is 
possible to demonstrate and differentiate 
residual calculi, strictures, spasm of the 
duodenum, pancreatitis with swelling, malig- 
nancy of the bile ducts, ampulla of Vater or 
the head of the pancreas. The progress of the 
biliary tree in its return to normal caliber by 
decompression of the hydrohepatosis, by re- 
lief of obstruction and T-tube drainage may 
also be accurately followed. Various radi- 
opaque substances including thorotrast, dio- 
drast, brominol, lipiodol, hippuran, and 
skiodan have been used for cholangiography. 
We (11) have used skiodan, or diodrast, injec- 
tion 15 to 25 cubic centimeters at body 
temperature into the T-tube, stopping the 
injection as soon as the patient notices a sense 
of fullness or distress. It is essential that no 
delay occurs in taking the x-ray picture after 
the injection. By use of this cholangiographic 
technique the beneficial effect of amyl nitrite 
or nitroglycerin in the relaxation of the smooth 
muscles of the sphincter mechanism of the 
biliary tract has been demonstrated (10, 11, 
13). 

Graham pointed out two decades ago that 
hepatitis is a constant accompaniment of 
cholecystitis. Snell has co-ordinated the de- 
gree of disturbance of liver function with the 
anatomical changes demonstrated at an 
operation. Gray, Nettrour, Bollman, and one 
of us (McGowan) (6, 7) have shown that in 
many cases of gall-bladder disease bile acid 
concentration was diminished in T-tube bile. 
The decrease of bile acids was found to paral- 
lel the degree of hepatic damage. In addition 
to the liver damage resulting from the biliary 
disease there was evidence of marked tempo- 
rary inhibition of liver function as a result of 
conditions associated with the operative pro- 
cedure. This temporary inhibition of liver 


function became progressively worse until the 
fourth to sixth postoperative day when the 
liver began to recover. In cases in which evi- 
dence of permanent liver damage was slight, 
recovery from temporary postoperative in- 
hibition of liver function was rapid, a matter 
of days. In other cases in which there was 
evidence of marked permanent liver damage, 
the postoperative recovery of liver function 
was slow, in some cases requiring several 
months. It was found also that a moderately 
damaged liver does not completely regain its 
function of concentrating bile acids, a fact 
indicating a limit of repair after injury. This 
limit, judged from the bile acid concentration 
tests, appears to be reached usually at the end 
of the second week after operation, although 
improvement may be demonstrated for a 
longer period especially in cases of severe 
damage. This recovery was delayed by pre- 
mature clamping of the T-tube. It was felt 
that T-tube drainage should be continued 
until the recovery of liver function had 
reached its maximum for that particular case; 
that is, until the bile acid concentrating power 
had ceased to improve. 


METHOD OF STUDY 


The T-tube described is the same as the 
standard type used except that an inflatable 
bag is attached approximately 18 centimeters 
from the cross limb of the ‘“T”’ according to 
illustration in Figure 1. This bag is inflated 
by means of a second tube which is built into 
the first, the arrangement being similar to that 
used with the Foley tube. 

Fourteen patients requiring drainage of the 
common bile duct were studied. 

Criteria which we have used for exploration 
of the common duct were essentially the same 
as previously referred to. The common duct 
was opened longitudinally just below the 
cystic duct. The size of the incision made 
should not be greater in length than the 
diameter of the duct. The lower end of the 
common duct is usually gently dilated by 
means of a dilator or catheter. Forceful ef- 
forts at dilatation are avoided. Zollinger (18) 
has shown that forceful dilatation of the 
ampulla of Vater may result in postoperative 
edema followed by fibrosis and stricture. 
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The T-tube is inserted by the method shown 
in Figure 2. The bag is then inflated with 
sterile saline solution. Two weeks after opera- 
tion the following tests are made: (1) pressure 
studies, (a) resting intrabiliary pressure and 
(b) perfusion pain level, and (2) roentgeno- 
gram of the biliary tract. Clamping of the 
tube is then started beginning with 1 hour 
twice daily. This period is gradually increased 
by a half hour twice daily until the tube is 
clamped off all the time. If the studies show 
elevated resting pressure or a low pain level, 
the clamping of the tube is delayed until 
pressure levels approach normal. After the 
T-tube has been clamped off continuously for 
3 weeks it may be removed provided that: 
(1) the resting intrabiliary pressure is 30 
millimeters of water or less; (2) the pain level 
is 500 millimeters of water or better; (3) the 
cholangiograms show absence of pancreatitis, 
stricture, or stone. By the technique and 
apparatus previously described (10, 11, 12) 
intrabiliary pressure studies were made start- 
ing on the 14th postoperative day in all cases 
reported. Fourteen cases were studied in all. 
The new type of T-tube was used in 6 cases 
and the standard type of tube in 8. 


RESULTS 


Of the 14 cases reported, stones were found 
in 6 (43%), pancreatitis in 1, and common 
duct pathology consisting of a stricture in 1 
case. One showed a stricture of the ampulla of 
Vater with regurgitation of bile into the pan- 
creas producing pancreatitis which second- 
arily produced more obstruction of the com- 
mon duct and jaundice. Of the cases in which 
the old type of the T-tube was used, cholan- 
giograms taken in the lateral position showed 
kinking of the common bile duct in each case 
(Figs. 3 and 4). This kinking varied from one 
of slight degree to one of a very acute type. 
In 1 case in which kinking of the common 
bile duct was extreme there was an elevation 
of the intrabiliary pressure. This pressure 
increased as the kinking became greater. The 
patient complained of considerable pain. The 
tube finally came out of its own accord in 
spite of all attempts to keep it in place by 
means of silk thread. In all cases in which the 
new type of T-tube was used roentgenograms 
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Fig. 2. This shows the method of introduction of the 
T-tube into the common bile duct. At the top is shown the 
manner in which the tube is grasped with a curved hemo 
stat. z, The margin of the opening into the common duct 
is grasped on each side with Judd-Allis forceps. 2, The 
T-tube is then introduced into the common duct and 
pushed upward toward the liver until the edge of the lower 
limb has past the margin of the opening in the duct. 3, The 
cross-limb of the tube is then pushed toward the duodenum 
until the “T’’ is comp'eted. 4, The defect in the common 
duct is then sutured on the duodenal side of the T-tube. 


showed slight or no kinking of the common 
bile duct (Fig. 5). In the patients drained 
with the old type tube there was a slight dis- 
charge around the tube due probably to con- 
tinuous friction of movement between the 
abdominal wall and the tube. In the cases in 
which the new tube was used, the skin healed 
completely around the tube, and there was 
freedom from discharge or excessive granula- 
tions. In addition the intrabiliary pressure 
readings were in general lower than in the 
patients drained with the conventional tube. 
In 2 cases roentgenograms showed the pres- 
ence of a small stone in the common duct 
which had escaped detection at the time of 
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Fig. 3. 1, Common bile duct; 2, ampulla of Vater; 4, hepatic duct; 6, point at which 
common bile duct begins to tunnel the duodenum; the portion of the duct between 2 
and 6 is intramural; 7, T-tube. a, This cholangiogram taken in the lateral position 
shows the marked kinking of the duct by means of tension of the conventional type 
of T-tube. b, This is the same patient with a roentgenogram taken in the anteropos- 
terior position; the usual position in which cholangiograms are taken. There is no evi- 
dence in this view of the marked kinking of the duct noted in the lateral view. 


operation. In each case the stones were made 
to pass by applying the following procedure: 
the pressure apparatus was connected to the 
common bile duct and the perfusion pressure 
was slowly raised to 700 millimeters of water. 
The patient was given four deep inhalations 
of amyl nitrite. This procedure was repeated 
several times. Subsequent roentgenograms 
showed that the stones had passed. Of the 
patients in whom the standard type of T-tube 
drainage was used, 1 made a good recovery, 1 
developed a pneumonia postoperatively, 1 
made an uneventful convalescence, but was 
later admitted because of severe pain and 
died from pancreatitis and left ventricular 
failure. The remainder made an uneventful 
convalescence. In 1 patient with a stricture 
of the common bile duct which was drained 
by the standard tube the tube was pulled out 
gradually. In the cases of the new type of 
T-tube drainage, there were no postoperative 
complications. In those cases in which the 
T-tube was left in place until all the criteria 


referred to were satisfied, there have been no 
tendencies to fistula formation. On the con- 
trary, the wound healed promptly, and in no 
case was there any biliary drainage after 24 
hours. Further there has been freedom from 
late symptoms of biliary dyskinesia or the so- 
called postcholecystectomy syndrome. 


DISCUSSION 


Recurrence of symptoms after cholecystec- 
tomy are frequently reported. One of the 
reasons for this is due to the fact that the 
surgeon, while he may pay a great deal of 
attention to the gall bladder, often fails to 
realize that the biliary tract and the pancreas 
are frequently involved as part of the same 
disease. The cholecystectomy should be con- 
sidered as only a part of the treatment, and 
prolonged biliary drainage should be per- 
formed when indicated. Drainage should be 
continued until the chemical, manometric, and 
roentgenological studies show maximum bene- 
fit has been obtained. The resting intrabiliary 
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Fig. 4. This diagram, drawn to scale from the cholangiogram in 
Figure 3 -hows the marked kinking of the common duct associated 
with the use of the standard type of T-tube. 
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Fig. 5. This diagram, drawn to scale from a roentgenogram of an actual case, shows 
the new type of T-tube in place with no distortion of the common duct. 


pressure determines the patency of lower ends 
of the common duct. The perfusion pain level 
is an index of the amount of inflammation 
within the biliary passages. It is really in- 
ternal palpation. In external palpation we 
determine the degree of inflammation by 
applying pressure to the involved parts 
directly with the hand. In internal palpation 
of the biliary tract we use the amount of water 
pressure which the patient can stand as an in- 
dex of the degree of inflammation in the duct. 


SUMMARY 


1. Cholecystectomy should be considered 
as only one phase of the treatment of a disease 
complex which may involve the gall bladder, 
bile ducts, liver, and pancreas at the same 
time. Exploration of the common bile duct 
should be performed in approximately 40 per 
cent of cases in which cholecystectomy is 
being performed. 

2. Choledochotomy should always be fol- 
lowed by drainage of the common bile duct by 
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means of a T-tube. The T-tube is used for 
diagnostic and therapeutic purposes. Diag- 
nostically, one is able to determine the pres- 
ence of a missed calculus, cholangitis, pan- 
creatitis, stricture, ampulla edema, or du- 
odenal spasm. The diagnostic tests used are 
pressure studies, cholangiograms, and chemi- 
cal analysis of the bile. Therapeutically, 
T-tube drainage is continued until cholangi- 
tis, pancreatitis, or ampulla edema has sub- 
sided. When T-tube drainage has been 
continued until maximum benefit has been 
obtained as indicated by prescribed tests, 
there has been no tendency for further 
symptoms to occur such as those which take 
place in cases of postcholecystectomy syn- 
drome. 

3. X-ray films taken in the lateral position 
have shown that the standard type of T-tube 
tends to be pulled out and a kinking of the 
common bile duct results. To prevent these 
undesirable complications a new type of T- 
tube with an attached inflatable bag is de- 
scribed. The benefits of this tube are: (1) 
absence of kinking of the common bile duct, 
(2) a clean wound with freedom from dis- 
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charge, and (3) less tendency for the tube to 
be pulled out. 
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CERTAIN PELVIC TUMORS ASSOCIATED 
WITH ASCITES AND HYDROTHORAX 


MARVIN CALMENSON, M.D., MALCOLM B. DOCKERTY, M.D., and 
JOHN J. BIANCO, M.D., Rochester, Minnesota 


DEFINITE clinical syndrome (Meigs’ 
syndrome) consisting of ascites and 
hydrothorax associated with fibroma 
of the ovary has been recognized in 

recent years (2, 6, 11-14, 29, 31, 35, 51, 54, 56, 
58). Certain other benign pelvic tumors may 
now be identified as causing this syndrome, 
which is of considerable importance because it 
presents a clinical picture usually associated 
with inoperable malignancy and_ pleural 
metastasis. In the group of lesions under con- 
sideration almost magical relief is afforded by 
surgical extirpation of the tumor. 


ANTECEDENT STUDIES 


The first recorded case of the syndrome, as 
it is recognized today, was reported by Cul- 
lingworth in 1879. His patient, a 36 year old 
widow, was found on physical examination to 
have two pelvic tumors, associated with 
ascites and bilateral pleural effusion. She died 
of cachexia, dyspnea, and general collapse. 
At necropsy the peritoneal and left pleural 
cavities were filled with fluid. Bilateral tu- 
mors of the ovaries were found; that on the 
right measured 12 by g by 5 centimeters and 
that on the left measured 15 by 12 by 7 centi- 
meters. The pathologic diagnosis of the ovar- 
ian tumors was “‘bilateral fibromas with 
cystic degeneration.’ In discussing his case, 
Cullingworth stressed the importance of the 
presence of ascitic and pleural effusion, inas- 
much as up to that time it was thought that 
any tumor giving rise to such effusion had to 
be malignant. In 1892, Tait described the 
syndrome in an article entitled, “On the Oc- 

From the Division of Surgery, Mayo Foundation, and the 
Section on Surgical Pathology, Mayo Clinic. 

Abrid sement of thesis submitted by Dr. Calmenson to the 
Faculty of the Graduate School of the University of Minnesota in 
partial fulfillment of the requirements for the degree of M.S. in 
“ae! in 1882, observed the frequent occurrence of edema in the 
tumor substance of fibromas and cystofibromas of the ovary, and 


correlated the presence of edema with the formation of ‘‘geodes’’ 
or degenerative cysts. 


currence of Pleural Effusion in Association 
with Disease of the Abdomen.” He cited 2 
cases. The first patient presented the typical 
features of malignant neoplasia with ascites 
and hydrothorax resulting from secondary de- 
posits. The second, by contrast, was a 36 
year old woman who had undergone repeated 
tapping for relief of ascites. At operation she 
was found to have a solid fibroma of the right 
ovary weighing 2 pounds, 2 ounces (about 1 
kgm.). Tait remarked, ‘‘The lesson in this case 
is, in my opinion, a very valuable indication 
that no set of conditions in the abdomen, how- 
ever apparently unfavourable, are sufficient to 
justify us in an absolutely unfavourable con- 
demnation in any particular case.”’ 

Kelly and Cullen, in 1909, observed the 
combination of ascites and hydrothorax in a 
patient who had uterine leiomyomas. Satis- 
factory recovery followed hysterectomy. In 
1914, Caro mentioned the occurrence of 
ascites and hydrothorax associated with a 
giant fibroma of the ovary. In 1923, Owen re- 
ported his own case of fibroma of the ovary 
associated with ascites, bringing out the fact 
that hydrothorax might complicate the afore- 
mentioned combination. Two of the patients 
in the 55 cases of fibroma of the ovary re- 
ported by Hoon in 1923 from the Mayo Clinic 
had bilateral hydrothorax as well as ascites. 
A single case of an ovarian tumor associated 
with ascites and hydrothorax was reported by 
Leo in 1926, but the type of the tumor was not 
revealed. Wong, in 1928, reported a case of 
ascites and hydrothorax associated with a 
twisted ovarian cyst. At operation the abdo- 
men of the patient was found to be filled with 
blood-stained fluid. A large, hemorrhagic 
multilocular ovarian cyst, with two complete 
twists in its pedicle, was removed. The pa- 
tient made a complete recovery. 

Salmon, in 1934, reported 2 cases of benign 
pelvic tumors, each of which was associated 
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with ascites and hydrothorax. One lesion was 
an ovarian fibroma; the other was a fibroid 
tumor of the uterus. In his book, Tumors of 
the Female Pelvic Organs, published in 1934, 
Meigs (33) described 3 cases from the Massa- 
chusetts General Hospital of benign ovarian 
fibromas associated with hydrothorax and 
ascites. In 1935 another case of fibroma of the 
ovary with pleural effusion and abdominal 
ascites, with complete cure after surgical re- 
moval, was reported from the records of the 
Massachusetts General Hospital (5). In 1937, 
Meigs and Cass published data concerning 7 
cases of fibroma of the ovary associated with 
ascites and hydrothorax. These included the 
4 cases from the Massachusetts General Hos- 
pital, Hoon’s 2 cases from the Mayo Clinic, 
and Leo’s case taken from the Italian litera- 
ture. This was the classical report, defining 
Meigs’ syndrome. In it the authors pointed 
out the possible coexistence of ascites and 
hydrothorax in the presence of benign fibroma 
of the ovary, and emphasized the importance 
of recognition of this association. Curability 
was now offered for a condition that formerly 
had been thought to have a basis in hopelessly 
inoperable malignant neoplasia. Rhoads and 
Terrell, in 1937, summarized 9 cases, taken 
from the literature, of ovarian fibroma with 
ascites and hydrothorax, and reported a single 
case of their own. They stressed the fact that 
this condition constituted a clinical entity, 
and suggested that it should be called a “‘syn- 
drome.” Weld reported 2 cases in 1938. 

In 1939, Meigs (34) reviewed a total of 15 
cases taken from the literature, including the 
original 7 contained in the report of 1937. 
Subsequent to 1939, reports of ovarian fi- 
broma associated with ascites and hydro- 
thorax have appeared in the literature with 
increasing frequency (2, 3, 9, 11, 12, 14, 17, 28, 
35, 41). In 1943, Meigs, Armstrong, and 
Hamilton gave a synopsis of 27 cases of fi- 
broma of the ovary in which evidence of signs 
or symptoms of fluid in the abdomen and 
thorax had been found. Healy, Herrick (16), 
Watson, and Taylor added 3 other cases in the 
discussion of the aforementioned synopsis. 

Since 1940, other benign ovarian tumors 
associated with hydrothorax and ascites have 
been reported. Vogt noted a case of gran- 
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ulosa-cell tumor of the ovary associated with 
hemoperitoneum and hemothorax. Traut and 
Marchetti, in a study of 54 ovarian tumors of 
the theca-granulosa cell group, stated that in 1 
case hydrothorax was a prominent symptom, 
and that at operation abdominal fluid had 
been found. MacFee reported a case in which 
a multilocular cystadenoma of the left ovary 
weighing 17 pounds (7.7 kgm.) was found to be 
associated with hydrothorax and ascites. 
Kelemen recently reported a case in which 
Meigs’ syndrome had been caused by a Bren- 
ner tumor of the ovary. Perlmutter, and 
Mendel and Tyrone observed the same syn- 
drome in cases of thecoma of the ovary. 
Rubin and associates reported a similar case. 
Millett and Shell recently reported a case in 
which pseudomucinous multilocular cystade- 
noma of the ovary was associated with hydro- 
peritoneum and hydrothorax. 

Meigs and his co-workers did not include 
either benign tumors (other than ovarian fi- 
bromas) or cancers in their reported series, but 
stated that when such lesions were found to 
constitute a large enough group they should 
be included in the syndrome. Benign tumors, 
as enumerated previously, now comprise a 
sizable group, and in some cases cancer also 
has been reported to be associated with the 
syndrome. Schenck and Eis reported a case of 
papillary cystadenocarcinoma of the ovary, 
and Anderson observed Meigs’ syndrome in a 
patient who had a malignant cystadenoma of 
the ovary. Both of the patients in these latter 
2 cases recovered after surgical removal of the 
tumors, indicating that the malignant nature 
of the tumors in itself was not the cause of the 
ascites and hydrothorax. 


METHOD OF PRESENT STUDY 


Records from the files of the Mayo Clinic 
from 1910 to 1945 were carefully examined for 
instances of pelvic tumor associated with as- 
cites and hydrothorax (Meigs’ syndrome). 
Nine examples of this condition were found 
among approximately 20,000 records of sur- 
gically removed pelvic tumors. An approxi- 
mate classification of the lesions removed in 
these 20,0co cases is as follows: 16,000 uterine 
fibromyomas; 500 ovarian fibromas (this did 
not include all the smaller fibromas); 1,100 
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cystadenomas and teratomas; and 1,500 car- 
cinomas of the ovary. This gives a total of 
19,1c0. The rest of the tumors constituted a 
miscellaneous group which included gran- 
ulosa-cell tumors and other lesions. The in- 
cidence of occurrence of this syndrome in this 
series Was C.O5 per cent. 

Pathologic material was secured. The 
tumors were studied in gross detail for perti- 
1ent data. Multiple blocks of tissue were then 
‘ut from the tumors and placed in a 10 per 
ent solution of fresh formalin. Sections were 
‘ut at a thickness of 10 microns on a freezing 
nicrotome and stained routinely with hema- 
toxylin and eosin. The latter provided the 
material for the microscopic study. 

In the present inquiry the 9 cases in ques- 
tion will be reported; then the clinical features 
will be considered; next the pathologic data 
will be analyzed; finally, the end-results of 
treatment will be presented, followed by com- 
ment on the condition in general, and by con- 
clusions. The first 3 cases reported in the 
present paper also were reported by Hoon in 
1923. The seventh case was reported by 


Masson and one of us (9) (Dockerty) in 1944. 


REPORT OF CASES 


CasE1. A 36 year old married woman entered the 
clinic on July 3, 1917, complaining of “‘bloating”’ of 
the abdomen. Examination of the thorax revealed 
dullness and a decrease in fremitus, more marked on 
the left side. The abdomen was distended and a fluid 
wave was demonstrable; thoracentesis was _per- 
formed once. A large mass was attached to the 
uterus. , Roentgenologic examination of the thorax 
revealed the presence of fluid bilaterally. A large 
ovarian fibroma about 18 centimeters in diameter 
was removed surgically. 

CasE 2. A 53 year old married woman entered the 
clinic on November 26, 1920, complaining of bloating 
of the abdomen and some degree of interscapular 
pain. Thoracentesis had been performed twice be- 
fore she visited the clinic. There were physical signs 
of fluid in the right side of the thorax. This was con- 
firmed by roentgenologic examination. Abdominal 
ascites was present. Thoracentesis was performed 
twice more before the patient was operated on. Sur- 
gical exploration revealed a large fibromyoma of 
the right ovary which weighed 510 grams. 

CasE 3. A 59 year old married woman entered the 
clinic on September 19, 1929, complaining of pro- 
gressive enlargement of the lower part of the abdo- 
men of 1 year’s duration. Physical examination re- 
vealed evidence of fluid in the left part of the thorax. 
A large pelvic tumor occupied the abdomen and ex- 
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Fig. 1. Photomicrograph of a section of the ovarian 
fibroma in Case 3. Marked separation of the tumor cells by 
edema fluid is shown (hematoxylin and eosin X60). 


tended to the umbilicus. Roentgenologic examina 
tion of the thorax showed the presence of fluid on the 
left side. Abdominal exploration disclosed consider- 
able free fluid in the peritoneal cavity. A solid cystic 
ovarian fibroma measuring 19 by to by 8 centi- 
meters was removed. The tumor weighed 835 grams. 
A section of it is seen in Figure 1. 

CasE 4. A 42 year old single woman entered the 
clinic on May 1, 1931, complaining of abdominal en- 
largement and a nonproductive cough of 6 months’ 
duration. Signs of fluid were present in the lower 
part of the thorax on the right. The abdomen was 
large and distended. A fluid wave and shifting dull- 
ness were demonstrated. Abdominal paracentesis 
was performed; 13,000 cubic centimeters of clear 
straw-colored fluid was removed. Pelvic examina- 
tion revealed an enlarged, freely movable uterus. 
Roentgenologic examinations of the thorax disclosed 
fluid in the right base. Surgical exploration revealed 
a large, degenerating fibromyoma of the uterus. This 
was removed. The uterus was not removed. The 
tumor was 12 centimeters in diameter. 

CasE 5. A 49 year old single woman entered the 
hospital on March 27, 1933, complaining of dyspnea 
of 2 months’ duration. Prior to this entry to the hos- 
pital, she had been hospitalized elsewhere for 3 
weeks. Fluid was found in the right side of the 
thorax. Thoracentesis had been performed 4 times 
previously. Examination at the Mayo Clinic showed 
that fluid was still present in the right part of the 
thorax. The abdomen was markedly protuberant, 
and shifting dullness was demonstrated. Roentgeno- 
logic examination of the thorax showed pleural 
effusion to be present on the right side. Abdominal 
exploration revealed a large, degenerating tumor of 
the right ovary measuring 20 by to centimeters. 
Histopathologic examination demonstrated the 
lesion to be a mixed cylindroid and folliculoid type 
of granulosa-cell tumor of the right ovary. 

Case 6. A 50 year old married woman entered the 
clinic on April 26, 1940, with the report that a tumor 
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Fig. 2. Preoperative roentgenogram of the thorax of the 
patient in Case 7. The entire right lung, except for the 
apex, is obscured by fluid. 


in the uterus had been discovered 4 months previ- 
ously. Physical examination of the thorax revealed 
nothing abnormal, but roentgenologic examination 
disclosed fluid in the right base. Abdominopelvic 
examination showed a large, multilocular mass. 
Multiple uterine fibromyomas with diffuse pelvic in- 
flammatory disease were found at exploration. A 
moderate amount of free fluid was found in the ab- 
domen. Total abdominal hysterectomy, bilateral sal- 
pingo-oophorectomy and appendectomy were done. 

Case 7. A 43 year old married woman entered 
the clinic on November 11, 1943, complaining of 
dyspnea of 18 months’ duration. Roentgenologic 


Fig. 4. Roentgenogram of the thorax of the patient in 
Case 7, made 18 days postoperatively, showing a decrease 
in the amount of fluid on the right. 
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Fig. 3. Large ovarian fibroma removed from the patient 
in Case 7, showing a fibrous and edematous cut surface, 
with a large central cystic and necrotic region. 


examination of the thorax in April, 1943, had re- 
vealed the presence of fluid on the right. Thora- 
centesis had been performed several times. Physical 
examination at the clinic disclosed signs of fluid in 
the right part of the thorax. This was confirmed by 
roentgenologic examination (Fig. 2). A large, firm, 
movable mass filled the suprapubic region of the 
abdomen. A fluid wave and shifting dullness were 
demonstrable. Thoracentesis was performed on the 
right. Surgical exploration was carried out, and a 
large fibroma of the left ovary, measuring 15 by 20 
by 15 centimeters, was removed (Fig. 3). The tumor 
weighed 1,370 grams. A roentgenogram made 18 


days postoperatively demonstrated a decrease in the 


amount of fluid in the thorax (Fig. 4). A roentgeno- 
gram made 15 months postoperatively showed that 
the fluid had disappeared completely (Fig. 5). 


i 


Fig. 5. Roentgenogram of the thorax of the patient in 
Case 7, made 15 months postoperatively, showing complete 
disappearance of the fluid evident in Figure 2. 
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Case 8. A 67 year old single woman entered the 
clinic on September 9, 1944, complaining of abdom- 
inal enlargement of 6 months’ duration. Roent- 
genologic examination of the thorax showed fluid 
about the right base. The abdomen was enlarged, 
and a fluid wave and shifting dullness were demon- 
strated. A large pelvic tumor was noted. On ab- 
dominal exploration a large fibroma of the right 
ovary was removed. It measured 15 by 10 by 9 
centimeters. 

CASE 9. A 41 year old married woman entered the 
clinic on September 27, 1944, complaining of marked 
increase in the size of her abdomen during the pre- 
ceding 2 months. Roentgenologic examination of the 
thorax showed that fluid possibly was present in the 
right base. The abdomen was large and distended. 
Shifting dullness was present. A mass was felt in the 
right lower quadrant of the abdomen. Surgical ex- 
ploration was carried out. Marked ascites was found 
to be present. A complex teratoma and dermoid cyst 
of the right ovary were removed, together with the 
right fallopian tube, uterus and the left fallopian 
tube and ovary. The teratoma consisted, for the 
most part, of undifferentiated thyroid tissue.! 


CLINICAL FEATURES 


Age of patients. The average age of the 9 


patients who had a pelvic tumor associated 


1While this paper was in the process of preparation, a tenth pa- 
tient whose condition demonstrated the phenomena of Meigs’ 
syndrome was seen. The following is an abstract of pertinent 
data. 

A 71 year old white married woman entered the clinic on April 
11, 1946, complaining of weakness and shortness of breath of 4 
months’ duration. During the previous 4 years the patient had 
noted some degree of dyspepsia and a slight increase in the size of 
her abdomen. On February 15, 10946, her local phy sician had dis- 
covered fluid in the right side of the thorax and since that date 
thoracentesis had been performed 9 times. She had lost 10 
pounds (4.5 kgm.) since February, 1046. Physical examination re- 
vealed extensive pleural effusion on the right and a large pelvic 
tumor with questionable ascites. Roentgenologic examination of 
the thorax showed pleural effusion on the right side, with fluid ex- 
tending up to the level of the third rib, anteriorly. On April 7, 
1946, thoracentesis was performed on the right and 3,450 cubic 
centimeters of pale, amber-colored clear fluid was removed. The 
specific gravity of the fluid was 1.017. A cell count revealed no 
cells. Results of culture were negative. The protein count was 
2.7 grams per 100 cubic centimeters of pleural fluid. 

On April 21, 1946, 2 cubic centimeters of clear ascitic fluid was 
removed from the abdomen and 2 cubic centimeters of sterile 
India ink was injected i into the peritoneal cavity. Two days later 
thoracentesis was again performed on the right and 2,000 cubic 
centimeters of smoky fluid containing India ink was removed, 
thus demonstrating the passage of fluid from the peritoneal cavity 
into the right pleural cavity. After thoracentesis, an abdominal 
exploratory operation was performed. A moderate amount of 
ascitic fluid was present. A large tumor about ro <a in 
diameter was removed from the left ovary. A small fibrous- 
appearing tumor of the right ovary also was excised. Appendec- 
tomy was performed. 

Pathologic examination of the tissues removed disclosed an 
edematous, degenerating, cystic fibroma of the left ovary measur- 
ing 10 by 7 by 7 centimeters. The tumor was attached to a small 
pedicle which apparently had undergone several twists. There 
was a fibroma of the right ovary 5 millimeters in diameter. The 
appendix showed chronic inflammation. Fluid from both the 
abdomen and thorax contained many pigment-laden cells. Study 
of the peritoneal coat of the appendix demonstrated similar 
phagocytosis by the lining mantle of mesothelium. 
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with ascites and hydrothorax was 48 years; 
the age of the youngest was 36 and the age of 
the oldest was 67 years. Both of these patients 
had ovarian fibromas. 

Marriage and pregnancy. Six of the patients 
were married, and 3 were single. Of the 
married patients, 4 had given birth to 1 child 
or more, and 2 had no children. It was thus 
apparent that the parity of the patient had no 
relationship to the development of the syn- 
drome. 

Complaints. The most common symptom of 
which the patients complained at admission 
was enlargement of the abdomen. Some of the 
patients also noted the presence of a tumor 
mass. Abdominal bloating and shortness of 
breath were the next most common symp- 
toms, and they occurred with about equal fre- 
quency. Pain was comparatively infrequent, 
usually arose from the lower part of the ab- 
domen and was mild. Some patients had a 
cough, in association with dyspnea. The 
cough usually was nonproductive. The dura- 
tion of symptoms had varied from 2 months to 
5 years. The menstrual function of 4 patients 
was essentially normal; 3 patients had under- 
gone the menopause; 1 had menorrhagia and 
1 had metrorrhagia. 

Physical examination. In nearly every case 
the triad “pelvic tumor, ascites and hydro- 
thorax”? was demonstrable by physical exam- 
ination and roentgenograms or by roentgeno- 
grams alone. Ascites was noted clinically in 
all the cases. In several cases a pelvic tumor 
was not noted prior to operation, and in 
several other cases the presence of pleural 
effusion had not been suspected prior to the 
routine roentgenologic examination of the 
thorax. 

Laboratory examination. Results of labora- 
tory examination did not contribute any per- 
tinent positive diagnostic information. 

Diagnosis. The usual common causes for 
ascites presented a problem in differential 
diagnosis to the examiners of this group of pa- 
tients. Cardiac disease, renal affections, cir- 
rhosis of the liver, tuberculosis, and “ malig- 
nant”’ peritonitis were some of the conditions 
which had to be distinguished from the true 
underlying pathologic process. Malignant 
neoplasm of the. ovary, with ascites and 
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pleural metastasis, was the condition most 
often mistaken for a benign pelvic tumor asso- 
ciated with ascites and hydrothorax. 

It is of historic interest to note that in Case 
1 of the series reported herein the late Dr. W. 
J. Mayo in 1917 made the preoperative diag- 
nosis of “fibroid” tumor of the ovary in a pa- 
tient who had ascites and hydrothorax. At 
operation a large fibroma of the ovary was 
found. Since 1937, when Meigs’ syndrome 
was recognized as an entity, only 2 patients 
who had fibroma of the ovary with ascites and 
hydrothorax have been seen at the Mayo 
Clinic. In both of these cases the preoperative 
diagnosis of Meigs’ syndrome was made. 


PATHOLOGIC DATA 


Types of tumors. The lesions in the 9 cases 
reported herein consisted of 4 ovarian fi- 
bromas, 1 ovarian fibromyoma, 1 degenerating 
uterine fibromyoma, 1 fibromyoma of the 
uterus with pelvic inflammatory disease of the 
adnexae, 1 granulosa-cell tumor of the ovary. 
and 1 complex teratoma of the ovary. 

Side of involvement. Five of the ovarian 
tumors were on the right side; 1 was on the 
left, and the location of 1 could not be de- 
termined on the basis of the data. Both the 
granulosa-cell tumor and the teratoma oc- 
curred on the right side. The 2 uterine fibro- 
myomas were not localized as to side. 

Size of tumor. All the tumors in this series 
were large. The average diameter was 16 
centimeters. 

Color of tumor. The ovarian fibromas were 
whitish or grayish white with a fine whorled 
appearance on cut section. The granulosa-cell 
tumor was grayish brown and was encap- 
sulated. 

Consistency. All the tumors were of the 
solid variety. Of the 5 ovarian fibromas, 3 
were associated with cystic degeneration. Sur- 
face cysts were present on the granulosa-cell 
tumor. Gross edema was noted in every case 
of ovarian tumor in the series, and in 3 cases 
distention of the peripheral veins was present. 
In 3 of the cases adhesive tags were noted on 
the surface of the lesion. 

Ascites and hydrothorax. Abdominal ascites 
accompanied the hydrothorax in all of the 
cases. Usually the fluid was considerable. In 


SURGERY, GYNECOLOGY AND OBSTETRICS 


7 of the cases pleural effusion was located on 
the right side; in 1 it was confined to the left 
pleural space; and in 1 it was bilateral. Per- 
formance of thoracentesis was necessary for 4 
of the patients; 3 had undergone thoracentesis 
more than once. Abdominal paracentesis was 
performed for only 1 patient (Case 4), 13,000 
cubic centimeters of clear straw-colored fluid 
being removed. At surgical exploration the 
amount of fluid varied from moderate to con- 
siderable amounts, as much as 3 to 4 gallons 
being removed from 1 patient. The fluid 
usually was described as being clear or straw 
colored. Diagnostic tests made upon fluid re- 
moved from the abdomen and thorax in these 
cases were of value only negatively; namely, 
in helping to rule out tuberculosis and malig. 
nant neoplasia. 

Possible contributory factors to the occur- 
rence of ascites may be mentioned in several 
of the individual cases. In the case of de- 
generating uterine fibromyoma (Case 4) the 
surgeon noted that a large fibroid tumor was 
incarcerated tightly in the pelvis, and thought 
that this might have accounted for the ascites. 
A similar situation was noted in 1 of the cases 
of fibroma of the ovary. In our case of pelvic 
inflammatory disease and of granulosa-cell 
tumor, twists in the pedicle were noted and 
were thought to have contributed to the pro- 
duction of ascites. Ascites frequently is an 
accompaniment of ovarian tumors which con- 
tain large amounts of thyroid tissue, as has 
been pointed out by Masson and Mueller. As 
previously mentioned, gross edema of the 
tumor or its pedicle or both was present in 
every case of ovarian tumor in the series. 

Histopathologically, moderate to marked 
intercellular edema was noted in every case of 
the series, and it was particularly notable in 
the ovarian fibromas. In these there was 
marked separation of the tumor cells by the 
edema fluid; often associated with this were 
dilated blood vessels. Otherwise, the tumors 
exhibited no microscopic deviations from the 
picture seen in other similar tumors not asso- 
ciated with the syndrome under consideration. 


END-RESULTS 


All the patients made uneventful recoveries 
after surgical treatment and the end-results 
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were uniformly excellent. There was no re- 
currence of either ascites or hydrothorax in 
any of the patients. The longest follow-up 
period extended over 27 years. 


COMMENT 


The incidence of ovarian fibromas varies 
from 1 to 5 per cent of ovarian tumors, accord- 
ing to different authors. Masson and one of us 
(Dockerty) found that 312 of such tumors 
accounted for 5 per cent of all ovarian tumors 
surgically removed at the Mayo Clinic. The 
fibroma is one of the most common of the solid 
ovarian tumors. The comparatively frequent 
occurrence of ascites in association with 
ovarian fibromas has been recognized for some 
time, but the frequency of this occurrence has 
been variously reported. Peterson, in 82 cases 
collected from the literature, plus 2 of his own, 
found that the incidence was 40 per cent. 
Hoon noted that ascites was present in 25 per 
cent of 55 cases collected at the Mayo Clinic, 
and in a more recent report from the same in- 
stitution, Masson and one of us (Dockerty) 
found that ascites accompanied 36 per cent of 
141 fibromas the diameters of which exceeded 
6 centimeters. Meigs and Cass reported the 
incidence of ascites to be 13 per cent in 29 
cases of fibromas from the Massachusetts 
General Hospital. 

Rubin and associates, in reviewing Miller’s 
large collection of 2,748 ovarian tumors from 
.arious sources, found that ascites accom- 
panied 6 per cent of the benign tumors and 45 
per cent of the malignant tumors. The same 
authors noted that ascites had occurred in 30 
per cent of their series of 23 theca-cell tumors 
of the ovary. In both Peterson’s and Rubin’s 
series, the amount of ascitic fluid was not 
proportional to the size of the tumor. 

Origin of ascites. Since ascites generally is 
present in all forms of intraperitoneal carci- 
noma, the association of ascites with any pel- 
vic tumor usually leads to the clinical im- 
pression that the tumor is malignant. In such 
cases the ascitic fluid is produced by chemical 
irritation of the peritoneum, which gives rise 
to a serous transudate and also to the secretion 
of malignant implants. The presence of the 
ascitic fluid in most of the cases of Meigs’ syn- 
drome, however, cannot be explained on the 
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basis of chemical irritation of the peritoneum. 
Such attempts at explanation have proved 
entirely unsatisfactory. 

Rather, a direct cause-and-effect relation- 
ship is involved, because removal of the tumor 
stops the formation of the abdominal fluid. 
Some have attempted to explain the origin of 
the ascites on the basis of Selye’s alarm re- 
action (21, 48). The latter reaction is the re- 
sponse of the organism to an irritant (in this 
case, a pelvic tumor), with the production of a 
typical syndrome, the symptoms of which are 
independent of the nature of the damaging 
agent, and represent a response to damage as 
such. Among the responses is the production 
of pleural and peritoneal transudates. Selye 
regarded this stage as the expression of general 
alarm on the part of the organism, and termed 
it the “‘general alarm reaction.” It might be 
compared to other general defense reactions, 
such as inflammation or the formation of im- 
mune bodies. After repeated insults by the 
irritant, the organism builds up resistance, 
and normal function returns. But after a 
period of months of continued trauma, the re- 
sistance disappears and there then appears a 
histamine toxicosis or anaphylactic shock, 
plus accumulations of peritoneal and pleural 
transudates. 

The aforementioned hypothesis may be 
valid in certain experimental work, but it is 
not logical to explain Meigs’ syndrome on the 
basis of such experimental observations. The 
pelvic tumor usually associated with ascites 
and hydrothorax is a fibroma of the ovary. 
That the mere presence of the ovarian fibroma 
in the peritoneal cavity is not a sufficient cause 
for the production of ascites is attested to by 
the fact that uterine myomas, despite their 
size, similarity in structure, and degenerative 
changes, cause ascites very rarely, although 
they are much more frequent in occurrence 
than are ovarian fibromas. Kelly and Cullen 
reported 5 such cases in which ascites un- 
doubtedly had been caused by the presence of 
uterine myomatous tumors, and in 1 case 
pleural effusion was present as well. Salmon 
reported a similar case, and 1 case from the 
present series (Case 4) fits into this category. 

Schenck and Eis offered an _ interesting 
hypothesis in explaining the production of 
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pleural effusion in such instances. They con- 
sidered the presence of a pelvic tumor to be 
the initial factor; the tumor, by compressing 
the large abdominal lymphatic channels, re- 
tards the lymph flow through them. Schenck 
and Eis thought that when absorptive avenues 
through capillaries and lymph channels are 
abrogated, such as occurs in toxic damage to 
endothelium, increased permeability based on 
anaphylaxis and obstruction to the flow of 
lymph, fluid becomes trapped in large serous 
cavities and a vicious cycle results in ascites 
and pleural effusion, and, if this cycle is 
allowed to continue, subcutaneous edema. In 
reality, this explanation seems to be derived 
from Selye’s alarm reaction plus the added 
factor of lymphatic obstruction by the com- 
pressing effect of the tumor. The fact that 
most of these tumors are large lends further 
credence to this theory. 

As has been previously stated, there is in- 
sufficient evidence to explain the ascites on the 
basis of lack of protein in the blood. The 
number of serum protein determinations that 
have been found to be normal in this condition 
is insufficient to rule out such a condition as a 
cause. The ascitic fluid found in cases of pel- 
vic tumor associated with ascites and hydro- 
thorax varies in quantity from small amounts 
to 8 or 10 liters. In most cases, the fluid is 
clear and straw colored, and chemically ap- 
pears to represent a transudate. In some in- 
stances it is blood tinged, and in such cases 
there is often evidence of recent twisting of the 
pedicle of the tumor. 

One of the more recent and more nearly 
adequate explanations of the etiologic basis of 
the ascitic fluid is that offered by Masson and 
one of us (Dockerty), who, in a combined 
clinical and pathologic search for the etio- 
logic ‘‘common denominator,” found the fol- 
lowing facts to be pertinent: Edema of the 
tumor or its pedicle or both was present in 31 
of 51 cases of ovarian fibroma in which ascites 
was associated. This incidence of edema was 
twice that observed in the group of tumors not 
associated with ascites. Central cystic de- 
generation, with or without edema, frequently 
was noted in tumors of the “‘ascitic group,” 
but was rare in the group of cases in which no 
free peritoneal fluid was observed at the time 
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of operation. In 30 per cent of the cases in 
which there was ascites, adhesions, probably 
resulting from ancient twists of the pedicle of . 
the tumor, also were present. Pain was an im- 
portant clinical feature in this latter group. 
Small fibromas contained within the true pel- 
vis were not productive of ascites. 

Histopathologically, the aforementioned au- 
thors found that intercellular edema corre- 
lated more often than did gross edema and 
formation of cysts with the clinical production 
of ascites. Including the cases of edema with 
formation of cysts, separation of tumor cells 
by an excess of tissue fluid was observed in 70 
of the 312 ovarian fibromas examined. Sig- 
nificant was the fact that of 51 tumors accom- 
panied by ascites, 49 (96 per cent) exhibited 
edema, usually in marked degree. This was in 
contrast to an incidence of ro per cent for 
edema in tumors not accompanied by ascites. 
In no instance was epjthelium of a secretory 
type found on the surface of a fibroma where 
it might conceivably have given rise to 
ascites. 

In connection with pathologic degeneration 
of the ovarian fibroma as a possible cause of 
ascites, Rubin and associates asked why 
ovarian fibromas produce ascites so com- 
monly, whereas uterine fibroids do so rarely, 
even though both tumors have a similar paren- 
chymatous histologic structure and undergo 
similar circulatory and degenerative changes. 
The explanation of Rubin and associates was 
found in the fact that uterine fibroids, are, as a 
rule, covered by a dense fibromuscular capsule 
and invariably by a serosal layer, whereas 
ovarian fibromas do not have such a capsule, 
and, like the normal ovary, have no peritoneal 
cover. Instead of a true serosa, ovarian fi- 
bromas are covered by a low, single-layered, 
very vulnerable and easily permeable surface 
mantle which offers practically no resistance 
to the penetration of fluid from the ovarian 
tumor. A more likely explanation may be 
that, for purely anatomic reasons, the ovarian 
vessels are more vulnerable to compression by 
a tumor mass or to twists in the pedicle than 
are the uterine vessels. 

Origin of hydrothorax. To attempt to ex- 
plain the origin of ascites when it accompanies 
certain pelvic tumors, notably ovarian fi- 
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bromas, presents a difficult problem in itself, 
but when there is added the concomitant oc- 
currence of hydrothorax in some of these 
cases, the problem becomes even more per- 
plexing. It is well to reiterate the direct cause- 
and-effect relationship mentioned in connec- 
tion with ascites. That is, the failure of fluid 
to reaccumulate in either thorax or abdomen 
after removal of the tumor suggests that the 
tumor was responsible for the effusion. It has 
been pointed out that pleural effusion which 
accompanies ascites occurs more frequently on 
the right side than on the left. Meigs and 
Cass thought that lack of drainage of the right 
portion of the thorax by the azygos vein might 
explain this phenomenon, but later they did 
not believe this was an adequate explanation, 
inasmuch as the effusion also was found in the 
left part of the thorax and bilaterally. Borg 
reported a case of Meigs’ syndrome with bi- 
lateral fibroma of the ovaries in which the pa- 
tient died without the benefit of surgical treat- 
ment. At necropsy the azygos vein was found 
to be very large—being twice as wide as the 
abdominal aorta. It is difficult to evaluate to 
what extent the azygos system of venous 
drainage was interfered with, and just what 
role such interference might have played in 
the pathogenesis of the hydrothorax. 

Lemon and Higgins and others (18, 19, 24, 
26) have demonstrated experimentally the 
pathway by which lymphatic absorption of 
particulate matter proceeds through the dia- 
phragm. They have shown that both surfaces 
of the diaphragm, with the exception of the 
tendinous center, are richly supplied with 
lymph vessels. Each half of the diaphragm 
forms its own separate area of lymphatic 
drainage and communicates but slightly with 
the other side. The lymphatic vessels on the 
right side are much larger and carry a greater 
proportion of the lymphatic flow than those on 
the left. Particulate matter is taken up dif- 
fusely on the subperitoneal surface of the dia- 
phragm and passes between the mesothelial 
cells of the peritoneum into minute lymphatic 
vessels; from these minute vessels it passes to 
the muscle bundles until it is deposited in the 
subpleural lymphatic network. This transfer 
is rapid; it requires only 3 to 5 minutes in the 
normal muscle and 30 to go minutes in a para- 
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lyzed diaphragm. There are five main routes 
of communication between the peritoneal and 
pleural cavities. The first is the sternal route, 
which is the main channel and accounts for 80 
per cent of the lymphatic drainage. It consists 
of three to four channels which course along 
the diaphragm between the intercostal muscles 
and proceed forward, parallel to the thoracic 
artery and vein. The second route is the pul- 
monary route, which extends to the nodes at 
the hilus of the lungs. The third is consti- 
tuted by vessels which run to the thoracic 
duct. The fourth route consists of vessels 
which course over the dorsal surface of the 
diaphragm, pierce it, and empty into the 
lymph nodes in the region of the kidney. The 
fifth route is comprised by vessels that pass 
over the vault of the diaphragm, pierce it 
anterior to the aortic opening, then pass to the 
splenic mesentery and thence to the nodes in 
the region of the pancreas. 

Lemon and his associates (25-27) have 
shown that fluids, as well as particulate matter 
and bacteria, are removed by the diaphrag- 
matic lymphatic system in the transference 
from the subperitoneal to the subpleural 
lymph vessels, and they have demonstrated 
that this is a one-way communication. Al- 
though particulate matter injected into the 
abdomen of an animal reached the diaphrag- 
matic lymphatic vessels, particulate matter 
injected into the thorax did not reach the in- 
side of the abdomen. The direction of flow 
thus follows the direction of the normal cur- 
rent toward the heart. This is dependent 
mainly on the normal muscular contraction of 
the diaphragm. Florey, in his experimental 
work, noted that an intra-abdominal pressure 
of 3 to 5 centimeters of water was caused by 
the respiratory movements of the diaphragm. 
Intrathoracic pressure was negative to an al- 
most equal degree. The difference in pressure 
on the two sides determines the direction of 
flow of the lymph. 

The aforementioned work has demonstrated 
the passage of particulate matter through the 
diaphragm in the experimental laboratory. 
Yet, as Meigs and associates have pointed out, 
whether or not the material would be found in 
pleural effusion was not proved but only sug- 
gested, because the experimental animal has 
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no fluid in the thorax such as is present in 
pleural effusion. 

Meigs and his co-workers deserve much 
credit for a fine clinical investigation of 2 pa- 
tients who had Meigs’ syndrome and who were 
operated on in 1941. These authors were able 
to examine the diaphragms of the 2 patients 
to collect fluids for analysis, and to demon- 
strate the passage of particulate matter from 
the abdominal fluid into the fluid in the 
thorax, in all probability through the dia- 
phragmatic lymphatic vessels. 

Ritvo reported a case of Meigs’ syndrome 
in which peritoneoscopy was performed before 
the patient was operated on and in which air 
was left in the peritoneal cavity in an effort to 
demonstrate any passageway, if such existed, 
for air from the abdomen into the thorax. 
Roentgenograms were made immediately; 
these did not demonstrate that air found its 
way into the pleural space. On the basis of 
Meigs’ and Ritvo’s observations, then, it is 
unlikely that ascitic fluid reaches the pleural 
spaces by way of an opening through the dia- 
phragm. 

Rubin and his co-workers attempted to 
evaluate certain factors in the experimental 
production of Meigs’ syndrome, and suggested 
several possibilities as to why ascitic fluid is 
not found in the pleura in every case of ascites. 
l‘irst, they wrote, the fluid entering the pleural 
cavity is absorbed rapidly, thus preventing 
accumulation of fluid in the pleural cavity. 
Second, the passage of fluid through the dia- 
phragm is slow, so that the fluid is absorbed 
by the pleura with the same speed it takes to 
reach it. Third, the diaphragmatic stomas are 
blocked or obliterated by débris or chronic 
inflammatory changes of the peritoneum. 
lourth, the high osmotic pressure of the col- 
loidal ascitic fluid counteracts the transuda- 
tion of water. 


CONCLUSIONS 


The association of ascites and hydrothorax 
with pelvic tumors was described in the older 
medical literature, but remained compara- 
tively unknown to most of the medical pro- 
fession until Meigs’ classical report in 1937. 
The greatest credit is due Meigs for recog- 
nizing this syndrome and pointing out its 
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clinical importance. A condition once thought 
to be an inoperable malignant process is now 
amenable to complete surgical cure. Meigs’ 
syndrome originally was described as the coex- 
istence of ascites and hydrothorax with be- 
nign fibroma of the ovary. Other pelvic 
tumors, however, both benign and malignant, 
should be included in the syndrome because 
they are being reported in the literature with 
increasing frequency. 

Nine cases of pelvic tumor associated with 
ascites and hydrothorax were found in the 
records of the Mayo Clinic. In a tenth case 
the patient was seen at this clinic after the 
present paper had been completed. The 9 
cases included 5 ovarian fibromas, 1 degen- 
erating uterine fibromyoma, 1 fibromyoma of 
the uterus with pelvic inflammatory disease of 
the adnexae, 1 granulosa-cell tumor of the 
ovary, and 1 complex teratoma of the ovary. 
In the tenth case the lesions were ovarian 
fibromas. Pathologically, all the tumors were 
of the solid variety, and were large, averaging 
16 centimeters in diameter. Gross edema of 
the tumor was noted in each of the 10 speci- 
mens. Microscopically, intercellular edema 
was noted in each tumor. It would seem that 
this edema can be correlated with the clinical 
production of ascites in each case. A large 
solid tumor can readily produce partial venous 
obstruction, edema, and in turn, ascites. Par- 
tial obstruction to the venous return also may 
result from twisting of a pedicle, inflamma- 
tion, or adhesions. In 8 of the 10 cases, hydro- 
thorax was situated on the right side. It was 
bilateral in 1 case and had occurred on the 
left side in 1 case. On the basis of the evidence 
reviewed, it appears that the fluid in the 
thorax results from the passage of ascitic fluid 
through the diaphragmatic lymphatic vessels. 
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SURGICAL SUBSTITUTIONS FOR LOSSES 
OF THE EXTERNAL EAR 


Simplified Local Flap Method of Reconstruction 


JAMES BARRETT BROWN, M.D., F.A.C.S., Colonel, M.C., A.U.S., St. Louis, Missouri, 
BRADFORD CANNON, M.D., Lieutenant Colonel, M.C., A.U.S., Boston, Massachusetts, 
CARL LISCHER, M.D., F.A.C.S., Major, M.C., A.U.S., St. Louis, Missouri, 

W. B. DAVIS, M.D., Major, M.C., A.U.S., Baltimore, Maryland, and 
ANDREW MOORE, M.D., Captain, M.C., A.U.S., St. Louis, Missouri 


OSSES of the external ear are numerous 
and often complicate other serious 
defects so that plans for rapid and 
simple restoration are important, 

without the use of massive distant flaps or 
great numbers of operations. The losses result 
mostly from bufns, gunshot wounds, traffic 
accidents, and freezing. Congenital absence 
and loss from neoplasms account for a rela- 
tively small, but important number. 

When enough surrounding scalp tissue is 
present, a fundamental plan can be used of 
freshening whatever is left of the stump of the 
ear and implanting it carefully under a scalp 
flap behind and above the ear. When union is 
firm (2 to 3 weeks) an adequate piece of costal 
cartilage is put in under the scalp flap, in the 
desired shape. In another 3 to 4 weeks, when 
there is no swelling, the flap and cartilage are 
dissected free of the skull so as to leave soft 
tissue attached to the under surface of the 
cartilage and to the skull. This procedure re- 
quires accurate, careful dissection. The re- 
sultant double raw surface is grafted with a 
single large thick split graft. Later adjustment 
may be necessary. If there is not adequate 
size, or the patient requests it, a small tubed 
flap from the immediate neck region can be 
added for the helix; this, however, is seldom 
requested. 

With this simple plan, losses of the helix and 
pinna can be repaired in two operations, and 
total reconstructions of both ears have been 
done in as little as three operations (Fig. 1). 


The patients in this series have been cared for in association 
with Major C. P. Scarborough, Captain Joseph Murray, Major 
Byron West, Lieutenant Allyn McDowell, Lieutenant Milton 
Edgerton, Major Shearburn, Lieutenant Jensen. 


In making an ear, skin in front and behind 
is needed, with adequate support (or arma- 
ture) in between. The scalp skin that was be- 
hind the ear is brought to the front surface of 
the ear, cartilage (preserved or fresh) forms 
the support, and a free graft goes in behind. It 
is recognized that a completely normal total 
ear cannot be made. There is no tissue avail- 
able to make it with if it could be done. Al- 
though fresh (or preserved) ear cartilage may 
be used, or chips of costal cartilage may be 
molded into the exact shape, the skin available 
usually will not fit into the various recesses of 
the concha, triangular space, and curves of the 
helix to bring these variations of the cartilage 
into prominence. For these reasons, the resto- 
rations are recognized as substitutions, and 
size, general shape, and direction are concen- 
trated on in total restorations, but a general 
outline and prominence may at least fail to at- 
tract notice. Many friends and surgeons have 
talked to the patient in Figure 1 without no- 
ticing that both external ears have been totally 
reconstructed. 

Prosthetic ears of latex or soft plastic are 
used according to patients’ wishes. They look 
like normal ears at a slight distance, but have 
the trouble of falling off and require more care 
than most patients want to give. (Their rou- 
tine. use would be acceptable to most sur- 
geons.) What the patient wants is the decid- 
ing point. 

The cartilage is a problem in many ways: of 
obtaining it, of shaping it, and of having it 
persist as a firm support. In Figures 1, 2, 
and 3, preserved costal cartilage has been 
used. A good supply is necessary and large 
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Fig. 1. Total loss from exposure to cold. Substitution 
lone in 3 operations using local flap, single large piece of 
preserved cartilage and free split skin graft. Both ears in 
ame condition repaired in same manner at same operations. 


Fig. 2. Gunshot loss with occlusion of cana] that had to 
be opened by using flaps of the available local tissue. Re- 
construction done with neck flap brought up in stages, with 
preserved cartilage support. 


pieces, including the angle, have to be on hand 
to supply a large single piece for a full ear. 
When large numbers of patients have to be 
cared for the preserved cartilage is almost en- 
tirely relied on, and the opening of innumer- 
able chests is avoided. The cartilage usually 


Fig. 2. 


can be obtained from the pathology depart- 
ment of a large hospital, with proper selection 
of patients. It is thoroughly cleaned of all 
perichondrium and stored in merthiolate, alco- 


hol, or othe. suitable chemical for use in the 


future. 
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Fig. 3. Loss of about % of the bulk from fire. Reconstruction with local flap, preserved cartilage 
and split graft. 


Fig. 4. Restoration crus of helix, pinna, helix with local flap and graft, 2 opera- 
tions. Middle view shows ear implanted in scalp, no cartilage necessary. 
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Fig. 5. Total reconstruction of auricle. The stump of the cartilage is opened by removal of edge scar. A flap of sur- 
rounding scalp tissue is raised and the stump is buried in under it. This is to give a blood supply to the flap from the 
front when it is raised later. 
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Fig. 6. After there is complete healing (3 weeks) an opening is made above and a complete tunnel made in the area. 
The curved portion of a costal cartilage is carefully carved to assimilate the normal contour and it is buried in the pocket. 


Dav: iC Parse ms 


Fig. 7. After the cartilage is firmly in place, the ear is cut loose from the scalp with careful dissection to leave viable 
soft tissue on both the cartilage and the skull. The double surface defect is covered with a thick split graft as shown. 


Carving of the cartilage is done in the oper- 
ating room with no special equipment other 
than knives and a board. It is put in place 
through an incision above, into a pocket that 
is made with scissors. A good arm or strut is 
aimed down into the region of the crus of the 
helix to gain as much support as possible. 
Cartilage from other areas, such as the knee 
and septum and from animals has been tried, 
but for an active service using a large amount, 
a good source of fresh autopsy material is 
highly advisable. (That some other foreign 
substance may prove satisfactory is hoped.) 


When the hairless skin around the ear is too 
limited, or is scarred and glazy, it may be nec- 
essary to do preliminary free grafting over the 
area, or to cut away just what hair is in the 
way and graft this area. Then the ear will be 
made out of grafts in these areas, the stages are 
necessarily slowed up, and greater care is nec- 
essary in the dissection. 

When there has been avulsion of all local 
tissue as in gunshot wounds or traffic acci- 
dents, local flaps rather than free grafts may 
have to be supplied even to get started. Flap 
skin is thicker than the normal scalp in this 
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Fig. 8. The steps of two stage restoration of helix without necessity of cartilage. The edge 
is opened, a scalp flap is prepared, the ear remnant is planted under it at first operation. At 
the second operation the ear is cut loose from the scalp picking up the flap that was behind 
the ear to make the new helix. The resultant raw defects are grafted with a thick split graft. 


area and, therefore, makes a bulkier ear. The 
flap may be brought up from the chest or 
neck. Figure 3 shows one that has been 
brought up in stages that has cartilage in it. 

Ears that are crumpled from chondritis are 
very troublesome because of folds and uneven 
surfaces. If there is marked deformity of the 
cartilage, even though it is under good skin, 
consideration should be given the procedure of 
removing the deformed cartilage first and 
starting with as smooth a surface as possible. 
Trying to dig these lumps of cartilage out later 
is not very successful. 

Partial losses, as of the helix and pinna, may 
not seem of much importance in comparison 
with other widespread destruction of tissue, 
but a thin, scarred, burned rim of the ear can 
be very uncomfortable for the patient. The 
repair of these defects is usually so simple and 
can be done so rapidly that there is little rea- 
son for not carrying out this partial recon- 
struction whenever requested. 


The method is not routine for every pa- 
tient, as there may be local shifts of small long 
flaps or forward dissections and replacements 
behind, but the fundamental, as stated, is to 
open the edge, prepare a direct flap, and either 
plant the ear under it or swing the flap into 
place. If cartilage is necessary, it is put in 
from the top, usually at a second operation; 
the ear is cut loose from the scalp and the de- 
fect is grafted at a subsequent operation. The 
patient in Figure 1 had total restoration in 3 
operations with the use of cartilage. In the 
one in Figure 4 just the soft tissue without 
cartilage was used. 

Sensation is usually slow in developing but 
little complaint is made. It is of course 
necessary to protect the patient against tem- 
perature extremes. 

The use of composite free grafts from the 
opposite ear may be considered for small 
losses of the ear, and for restoration of the 
helix in total reconstructions. 





RECONSTRUCTION OF THE ESOPHAGUS 
BY A SKIN-LINED TUBE 


THOMAS W. STEVENSON M.D., New York, New York 


ACK of esophageal continuity may be the 
result of congenital defect, trauma 
(usually chemical), or neoplasm. 
Improvement in anesthesia, chemo- 

herapy, and thoracic surgical technique, has 
nade it possible to save the lives of many in- 
lividuals. Advances are particularly note- 
vorthy in the group of infants with congenital 
-racheo-esophageal fistula, and in the carci- 
1oma group. Survivors should be considered 
candidates for esophageal reconstruction. 
Various practical considerations make it 
necessary to select cases carefully. Many in- 
ants are weak and sickly, and often, unfortu- 
iately, have other anomalies. Stenosis of the 
esophagus by lyepresentsaparticular difficulty, 
because of the extensiv> scarring, especially at 
the upper end. This iactor usually prevents 
deliverance of a patent upper portion of the 
esophagus to the skin surface of the neck. 
Carcinoma patients are usually older, and al- 
ways undernourished. One is always concerned 
about local recurrence or remote metastasis. 


From the Department of Surgery, the Plastic Surgery Service 
Presbyterian Hospital, and College of Physicians and Surgeons, 
Columbia University, New York. 


Fig. 1. Case 1. 
1941. 


Front view, December 5, 1941. Side view, September 12, 


Even though life has been saved and nutri- 
tion improved, these patients still present a 
miserable picture. A gastrostomy is necessary, 
with all of its inconvenience, local irritation, 
leakage, and loss of gustatory satisfaction. In 
addition there is an upper esophageal fistula 
with copious salivary leakage, and if the leakage 
is prevented by stenosis at the cutaneous 
junction, saliva and food collect in the phar- 
ynx, causing discomfort and interference with 
respiration. It was the problem of relieving 
such a stricture at the skin surface that first 
caused us to consider the feasibility of reunit- 
ing the upper esophageal stump with the 
stomach. 

Case 1. J. L, a Puerto Rican widow, aged 70 
years, first attended the clinic in June, 1937, because 
of hoarseness of 5 years’ duration. A pedunculated 
fibroma of the hard palate and polyp of the vocal 
cords were removed. Blood count, urine, and stool 
examinations, Wassermann, chest x-ray films, and 
gastrointestinal series were normal, including the 
esophagus. On January 5, 1938, esophagoscopy was 
done to remove a piece of chicken bone lodged high 
on the anterior wall. In February, 1941, she first 
noted pain in the chest, and had difficulty swallowing 
anything but liquids. She returned to the clinic on 
April 21, 1941. Her health had been good since her 


Fig. 2. Case 1. January 
, 1942. 
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Fig. 3. Front and side views, Case 1, November 19, 1942. 


last admission. Fluoroscopy showed a 4 centimeter 
symmetrical constriction in the middle of the esoph- 
agus. A biopsy specimen was taken from a mass aris- 
ing from the posterior wall 27 centimeters from the 
upper gum. This tissue showed squamous carcinoma. 
Chest x-ray pictures were normal. On May 29, 1941, 
resection of the esophagus was done through the 
right 6th intercostal space by Dr. Allen O. Whipple 
and Dr. Richmond L. Moore. The lower esophageal 


Fig. 4. Case 1. Skin-lined tube opened posteriorly to 
show anastomosis with esophagus above and stomach be- 
low. Note V-shaped junction with gastric mucosa. 


stump was inverted and the upper end brought out 
through the right supraclavicular fossa and sutured 
to the skin of the chest. A gastrostomy was done. 
Microscopically, the tumor was poorly differentiated 
and involved muscularis. It measured 4.2 by 2.4 
centimeters. The postoperative course was exceed- 
ingly smooth. Temperature was not elevated above 
100.2 degrees. Sutures were removed on the 8th 
day. The patient was walking on the oth day, and 
was discharged from the hospital on the 28th day. 
By August 15, 1941, the upper esophagus opening 
was entirely closed off, despite attempts to keep it 
open. This segment remained distended and the pa- 
tient was uncomfortable (Fig. 1). On September 2, 
1941, the esophageal fistula was re-established. Un- 
fortunately, this fistula gradually became constricted. 
It was evident that a wide stoma was needed for the 
patient’s comfort and was an essential step in any 
reconstruction. On December 16, 1941, the esopha- 
geal stump was freed and opened upward 2.5 centi- 
meters., after which the skin and mucous membrane 
were sutured with interrupted No. oooo0 plain cat- 
gut. Primary union was obtained. 

April 14, 1942, a skin-lined tube, 12 centimeters in 
diameter, was formed from the right infraclavicular 
region to the xiphoid. The patient was sent home on 
the 22nd day with the tube healed, but open at both 
ends. A strip of xeroform gauze was replaced in the 
tube at intervals of 2 to 3 days. The patient con- 
tinued to gain weight and there was no irritation of 
the skin within the tube. 

August 6, 1942, the lower part of the skin tube was 
extended down over the xiphoid and anastomosed to 
the anterior wall of the stomach. A 4 millimeter 
white nodule on the peritoneal surface of the stomach 
proved to be a leiomyoma. The patient’s recovery 
was smooth. Her highest temperature was 100 de- 
grees F. The wound healed primarily, and sutures 
were removed on the 7th day. On the 13th day a 
glass connecting tube was used to link the upper end 
of the skin tube with the esophageal opening (a 
distance of 5 cm.), and the patient was allowed t 
drink a glass of water. The passage was free. The 
patient noted a sensation of coldness. Checkec 
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Fig. 5. Case 2. April 21, 1942. 


Fig. 7. Case 2. November 25, 1942. 
fluoroscopically, the lumen of the skin tube ap- 
peared larger than that of a normal esophagus. There 
was occasional pyloric obstruction due to the mush- 
room gastrostomy tube, and this caused regurgita- 
tion of strongly acid stomach content. It was noted 
that this regurgitated material irritated the exposed 
skin, but not the skin lining the tube. Under local 
novocain anesthesia the skin tube was continued up- 
ward and joined to the esophagus. Healing was un- 
complicated and ro days later the patient was 
allowed to eat and swallow. Food passed freely down 
the tube. The gastrostomy tube was withdrawn and 
the stoma promptly healed. The patient began to re- 
gain strength and weight. 
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Fig. 8. Case 2. March 8, 1943. 


September 2, 1942, 17 months after esopha- 
gostomy the patient developed pneumonitis with 
signs of consolidation at the left base, and a‘ tem- 
perature of 103 degrees F. She was flushed and 
coughing. A week later there was effusion in the 
left chest and mediastinal shift to the left, indicating 
atelectasis. After aspiration of cloudy yellow fluid, 
showing negative cultures, and no tumor cells, x-ray 
examination showed a wide mediastinal shadow 
which continued to enlarge, and the patient became 
more cachetic. She died March 19, 1943. Autopsy 
showed carcinoma in the tracheobronchial lymph 
nodes, with extension to the posterior mediastinum, 
and occlusion of the left main bronchus. The skin 
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Fig. 9. Front and right side views, Case 2. January 10, 1946. 


lining of the tube was smooth and clear. Scarring 
was not noticeable, and there was no evidence of 
ulceration anywhere. The tube consisted of skin, 
averaging 10 centimeters in circumference, with no 
evidence of surrounding scar. A scarcely distinguish- 
able suture line ran down the tube anteriorly. The 
juncture of the skin-lined tube with the stomach 
showed no scarring or ulceration, and the epidermis 
showed an abrupt transition to the normal gastric 
mucosa. The anterior wall of the stomach was ad- 
herent only at the site of anastomosis and at the 
obliterated gastrostomy. 

CasE 2. W. R.,a 61 year old man, complained of 
dysphagia for 3 months before his admission on 
November 19, 1941. He had lost 40 pounds in 
weight, and had had trouble swallowing fluids. 
Chest x-ray pictures were normal, except for calci- 
fied bronchial nodes. Barium studies showed eso- 
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Fig. 10. Lines of incision, Case 2. 


phageal obstruction just below the arch of the aorta. 
Esophagoscopy showed a tumor 33 centimeters from 
the upper teeth. Biopsy proved squamous carci- 
noma. Blood count normal; erythrocyte sedimenta- 
tion reaction 8 millimeters, Wassermann negative; 
weight 150 pounds. Histamine test showed no free 
hydrochloric acid; total acid 9 after 40 minutes. 
December 19, 1941, esophagectomy was performed 
by Dr. Allen O. Whipple assisted by Dr. Richmond L. 
Moore. A right transthoracic approach through the 
7th intercostal space was used. The pleura was 
found adherent and so was the esophagus in the 
region of the calcified nodes. It was necessary to 
excise the left vagus nerve with the mass. The upper 
esophageal stump was brought out just to the right 
of the suprasternal notch and a gastrostomy was 
made. The portion of the esophagus examined path- 
ologically was 9 centimeters long and had a con- 








Fig. 11. Showing the formation o° the skin-lined tube. 
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Fig. 14. Exposure of stomach and V incision; inset shows 
tube sutured to stomach. 


stricting area of carcinoma 2.5 centimeters long. 
There was muscle invasion, and mitosis averaged 
two per high powered field. The mucous membrane 
was much more extensively involved than was 
grossly recognizable. The postoperative course was 
stormy for 3 days because of bilateral pneumonitis. 
Temperature mounted to 105 degrees F., but settled 
to normal by the 7th day. The wounds healed well, 
and the patient was discharged, on gastrostomy 
feedings, on January 19, 1942, weighing 135 pounds. 
Upon readmission on April 20, 1942, the esophageal 
stoma was closed by a dense scar. This scar was ex- 
cised and the stoma was enlarged (Figs. 5 and 6). 
September 3, 1942, there was no constriction so a 
cutaneous tube 9 centimeters in diameter was 
formed from the sternal notch to the xiphoid. This 
was followed by union of the lower end to the an- 
terior wall of the stomach (Figs. 7 and 8). 
December 1, 1942, wound healing was uncompli- 
cated and sutures were removed on the oth day. 
Patient was discharged home on the 18th day. 
March 9, 1943, the skin tube and esophagus were 
united without complication. The patient started 


Fig. 16. Elliptical incision has been made to join esopha- 
gus and skin tube. Insets show methods of closure. 


swallowing water on the 6th day, and soft diet was 
started on the roth day. He has had no obstruction 
and has required no treatment. He became inter- 
ested in having his teeth repaired, “in order to do 
some chewing again,” and resumed his work as a 
sheet metal worker in a war plant. His weight has 
been maintained at 150 pounds. 

January 11, 1946, he was in good condition. His 
only untoward sensation is a strong perception of 
heat or cold on ingested food and fluids, and in the 
morning an itching sensation which he relieves with 
a cup of strong coffee (Fig. 9). 


OPERATIVE TECHNIQUE 
Formation of subcutaneous skin- 


Stage 1. 
lined tube. Two parallel incisions are made 
from just below the esophageal stoma to the 
xiphoid. In the first case these were 12 centi- 
meters apart, and in the second g centimeters. 
Eight centimeters may be enough. Incisions 
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were made to include the deep fascia, and the 
lateral margins were widely undermined, 
about 10 centimeters. The medial margins 
are freed about one-third, leaving the central 
third attached down the center (Figs. 10 and 
11). The central layer is then rolled up, skin 
surface in, and sutures with two layers of in- 
terrupted No. ooo chromic catgut. The inner 
layer is tied with the knot inside the lumen, 
and the outer layer in the fascia. The under- 
mined lateral flaps are then closed over the 
tube in two layers, No. ooo interrupted 
chromic gut sutures being used in the fascia, 
and interrupted dermal in the skin. A roll of 
xeroform gauze is passed down the tube. When 
this strip of gauze is changed every 2 days, a 
fresh piece may be tied to the old one, and 
pulled through as the old one is removed. 
Stage 2. Anastomosis to stomach (Figs. 12, 
13, 14,and 15). The tube is extended by con- 
tinuing the two parallel cuts down almost to 
the gastrostomy which is carefully draped out 
of the operative field. The lowest 2 centi- 
meters of the tube is left open. The anterior 
wall of the stomach is exposed through the 
left rectus and an inverted V incision is made 
into the stomach. Each branch of the V is 4 
centimeters long. The skin of the tube is then 
sutured to the gastric mucosa with interrupted 
No. 000 chromic gut reinforced by a second 
layer of similar sutures between the fascia of 
the tube, and the gastric serosa and muscularis. 
The linea alba needs a small vertical incision 
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to the xiphoid to insure against angulation of 
the tube. Then the wound is closed, and the 
undermined skin is approximated. At this 
stage the gastrostomy needs to be kept open 
on bottle drainage most of the time, because 
gastric content regurgitates freely up the tube 
and will excoriate the skin of the chest; 
strangely enough, however, the skin of the 
closed tube can be seen to remain clear. Per- 
haps, drying or oxidation is needed to activate 
the irritative process. 

Stage 3. Junction of esophagus and skin 
tube (Fig. 16). 

An elliptical incision is made vertically, in- 
cluding the upper end of the original parallel 
cuts. The skin tube is then closed up to the 
esophageal stoma, and the upper end of the 
ellipse turned down in the manner of an 
envelope flap to close the upper angle of the 
wound. The undermined skin margins are 
then closed. Liquid feedings in small amounts 
may be started as soon as the skin is healed. 


SUMMARY 


Loss of esophageal continuity may result 
from congenital defect, trauma, or neoplasm. 
Improving surgical technique permits survival 
of an increasing number of patients, and this 
leads to consideration of a means of re- 
construction. Two cases are presented with a 
description of the method used to unite the 
upper esophageal segment to the stomach by 
means of a skin-lined tube. 





SOME OBSERVATIONS ON WOUND HEALING 
A Clinical Study, with a Note on Topical Chemotherapy 


and Secondary Closure 


JACK MATTHEWS FARRIS, M.D., F.A.C.S., Los Angeles, California, and 
THOMAS B. JONES, M.D., Rochester, New York 


HIS report is concerned with the 
management of wounds in a general 
hospital based in the United Kingdom 
and actively engaged in the treat- 
ment of wounded evacuated from the conti- 
nent. Shortly after D-Day, it was necessary to 
outline a plan whereby a large number of 
wounds could be treated definitively. Where- 
as everyone was well versed in the emergency 
treatment of wounds, there was less agreement 
and precedent as to the definitive treatment. 
There were those who strongly advocated that 
all extensive soft tissue wounds with and with- 
out fractures be treated according to the prin- 
ciples popularized by Orr and Trueta, while 
others postulated that in certain instances 
secondary closure and grafting might be uti- 
lized in the definitive treatment of open wounds 
after varying lengths of time. There was little 
agreement as to the réle of local and systemic 
chemotherapeutic agents. Much information 
had been disseminated concerning arbitrary 
time intervals after which débridement and 
closure might be hazardous or inadvisable. 
Therefore, it seemed that an excellent oppor- 
tunity was at hand to make some observations 
upon the factors involved in wound healing. 

Methods of study. Approximately 6,000 pa- 
tients were admitted to the surgical service in 
the 6 months after D-Day. Between 2,000 
and 2,500 wounds were secondarily closed. 
This is a report on approximately 725 that 
were treated on the general surgery section. 
The results have been carefully tabulated and 
provide the basis for this report. 

The following plan was adopted. It was de- 
cided to make an earnest effort to close every 
wound either by secondary suture and /or graft 
as soon as it was reasonably certain that the 
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wound was not the site of active virulent in- 
fection. The closure of the wound was made 
the primary objective and the underlying 
fracture, nerve injury, foreign body, tendon 
injuries, or muscle defect, when present, were 
a secondary consideration. This policy was 
predicated on the premise that the best dress- 
ing for any wound is skin, and the sooner it is 
applied the better is the ultimate prognosis of 
the associated injury. 

Time interval. All wounds were closed as 
soon as possible. Some of the wounds were 
closed within 3 or 4 days, and many were 
closed during the first week. The majority 
were sutured or grafted between 7 and 14 
days. It was believed that if the patient had 
not developed clinical evidence of local or 
systemic infection within 48 to 72 hours after 
the emergency treatment had been carried out 
there was little reason to continue open treat- 
ment of the wound in the anticipation of in- 
fection that did not exist. It soon became 
apparent that the earlier the wounds were 
closed the better were the results. 

Early management after reception. Allwounds 
were dressed as soon as possible after admis- 
sion. Vaseline packs were removed. Many of the 
large wounds had been enclosed in plaster casts, 
often with admonitions against their removal. 
These were likewise promptly removed. A 
simple wet saline dressing was applied to all 
wounds in order to remove the caked sulfa 
crystals, vaseline, exudate, and old blood. It 
was remarkable to see the striking improve- 
ment in the appearance of these wounds after 
24 to 48 hours. All medication (sulfadiazine 
and penicillin) was stopped after admission, 
and subsequently given only in those cases in 
which there were systemic signs of infection. 
In one group of 100 patients, it was necessary 
to give chemotherapy in only 2 instances when 
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a 


Fig. 1. Wound of buttocks, 7 days after injury. a, Large 
defect with divided gluteal muscles. There is minimum 
granulation tissue and this type of wound may be closed 


these indications were followed. The simple 
saline dressings were changed frequently in 
order to utilize the absorptive and capillary 
action of the gauze. Each time the gauze was 
removed and reapplied gross foreign matter 
was mechanically removed from the wound. 
Maximum benefit from the wet dressings was 
usually obtained in 2 or 3 days. As soon as it 
was felt that the wound was reasonably free of 
all gross particulate and organic matter, 
closure of graft was done. 

Technique of closure. The skin was carefully 
prepared with soap, alcohol, ether, and a 
mercurial antiseptic. The wound was pro- 
tected during this procedure with sterile 
gauze. The local anesthetic, when used, was 
introduced circumferentially into the normal 
skin and was not put directly into the wound. 
Early wounds (less than 7 days old) were 
simply sutured together with little undercut- 
ting, redébridement seldom being necessary. 
These wounds did not have granulation tissue, 
were still mobile, and gave some of our very 
best results. Black silk sutures were used and 
only in exceptional instances were buried su- 
tures used. When there was difficulty in oblit- 
erating dead space a large pressure dressing 
was put over the wound. Drains were practi- 
cally never used. When large muscle groups 
had been interrupted it was often possible to 
approximate them by the use of figure-of-eight 


c 


without redébridement. b, Illustrates wound 7 days after 
closure with through-and-through mattress sutures of black 
silk. c, Wound at 14 days. 


black silk sutures which traversed the skin and 
were subsequently removed. 

Older wounds (1to days and longer) were 
handled in a different manner. Simple closure 
over granulation tissue and its fibrous base in- 
variably gives an unsatisfactory result. The 
wound by this time has lost a great deal of its 
mobility and closure of even minor defects is 
difficult without rather extensive undercutting 
of the wound edges. Therefore, small granu- 
lating wounds, whenever possible, were com- 
pletely excised in the same manner that one 
would excise a nevus or skin carcinoma. An 
elliptical incision was made in the normal skin 
about the wound, and the granulating area 
with its base removed by sharp dissection so 
that the wound then possessed the appearance 
of a fresh one. Meticulous hemostasis was 
observed and the wound accurately closed 
without drainage. This operation of second- 
ary débridement is of prime importance when 
dealing with granulating wounds. Wounds 
have healed exceptionally well when closed in 
this manner and rather unsatisfactorily when 
simple closure was attempted without excision 
of the granulation tissue and fibrous base. 

Large skin defects oftentimes made closure 
impossible. These were closed by a combina- 
tion of partial suture and split thickness graft. 
Secondary débridement operations were con- 
sistently carried out, and the skin edges were 
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a 


Fig. 2. Soft tissue wound of elbow, 3 days after injury, 2 
jays after débridement. a, Appearance of the wound after 


nobilized and sutured from the periphery in- 
ward to render the defect as small as possible. 
\ thin split thickness graft was then immedi- 
itely sutured into the remaining defect over 
any exposed muscle, fascia, bone, tendon, or 
nerves. On the thighs and legs some of these 
lefects were enormous, and the areas grafted 
n some instances extended from the buttocks 
to the knee. A successful take is almost in- 


variably obtained when the graft is placed 
»ver these redébrided wounds, and in our ex- 
perience the results are far superior to those 


obtained when grafts are placed over granu- 
lating surfaces. 

Oral sulfadiazine (6 gm. per day) was be- 
gun on the day before operation and continued 
for 4 or 5 days after operation to protect 
against an occasional spreading cellulitis. 
From the beginning we made a hard and fast 
rule that chemotherapeutic agents would not 
be used locally in the wound. Penicillin was 
employed neither systemically nor topically. 
We felt that if we were properly to evaluate 
the results it was of prime importance for all 
personnel to adhere rigidly to a well standard- 
ized procedure. It was originally planned to 
operate upon 50 patients with this technique 
for purposes of establishing a control. We 
were already convinced that chemotherapeutic 
agents used locally were of little value when 
the wound was ready for closure, and it was 
felt that in some instances the presence of 
these agents was even harmful and a deterrent 
to wound healing. From the beginning the re- 
sults were out of all proportion to our anticipa- 


24 hours of saline dressings. b, On oth postoperative day 
simulates healing seen in clean operative wounds. 


tions, and this policy was therefore followed in 
600 consecutive cases. In an additional 125 
cases, a mixture of penicillin and sulfanilamide 
was dusted into the wound at the time of 
closure. 

On the other hand, on some of the other sec- 
tions of the surgical service, notably ortho- 
pedics, various types of topically applied 
agents were used freely. Some of the wounds 
were irrigated postoperatively with penicillin 
through tubes introduced into the wounds at 
the time of closure. Others had sulfanilamide 
alone and some were dusted with a mixture of 
sulfanilamide and penicillin. These wounds 
were followed closely; the results did not offer 
any convincing evidence that the local appli- 
cation of these chemotherapeutic agents offers 
any advantages, and the practice was eventu- 
ally discontinued. 

Foreign bodies. Insofar as possible foreign 
bodies were made a secondary consideration 
and wounds were frequently closed over tiny 
bits of shrapnel in inaccessible depths of the 
wound with no apparent interference in heal- 
ing. After the wound was healed and if the 
foreign body was responsible for any symp- 
toms, it was removed at a clean operation. 
This undertaking was thought to be preferable 
to one which would allow extensive dissections 
in a contaminated wound. Large foreign 
bodies, however, when they carry in segments 
of clothing, must be removed. The cultures 
from these retained pieces of clothing fre- 
quently yield Clostridium welchii, when there 
is no clinical evidence of gas bacillus infection. 
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c 
Fig. 3. Wound of posterior aspect of the thigh, 13 days 
after injury. a, Illustrates deep muscle defect with exposure 
of femoral artery, sciatic nerve and femur. b, Illustrates 
initial step in reconstructive surgery. The wound has been 
completely redébrided and a partial closure accomplished 


Foreign bodies, 1 centimeter or over in di- 
ameter, almost invariably have to be removed 
because of the cloth which has been carried in. 

Results. The results were tabulated in three 
arbitrary categories. Group I included those 
that healed primarily without drainage. They 
usually required little or no dressing after 7 
days and simulated the healing of clean oper- 
ative wounds. Group II included those which 
exhibited ‘“‘wet healing.’’ In this group there 
was usually some reaction about the sutures 
and frequently serosanguineous drainage. How- 
ever, the Group II wounds were well healed in 
14 to 16 days and did not require any further 
definitive treatment and were considered to 
give just as satisfactory an end-result as those 
in Group I. Groups I and II comprise the 
“satisfactory” group. Group III included those 
closures considered unsatisfactory because at 


by undercutting and mobilization of skin margins; all gran- 
ulation has been excised. c, A large split thickness graft 
was applied immediately as a dressing for the remaining 
defect. d, Appearance of wound 8 days after operation. 
There is a complete take of the graft. 


the end of 2 weeks they were not healed and 
frequently required additional surgical pro- 
cedures, such as grafting, suture or strapping, 
to obtain final epithelization of the wound. 

In 600 patients who did not receive topical 
chemotherapy, primary healing (Group I) was 
obtained in 67 per cent of all wounds closed. 
Wet healing (Group II) was obtained in 29.3 
per cent. Unsatisfactory results (Group III) 
were obtained in 3.7 per cent of the cases 
With this technique of wound closure, 96 per 
cent of the cases (Group I and II) can be 
placed in the “satisfactory” group. 

In 125 patients with “‘dusted”’ penicillin and 
sulfanilamide, there was no significant differ 
ence in the total of “satisfactory” results 
(95.6 per cent). However, there was an in 
creased incidence in the “wet-healing”’ grouj 
(35.6 per cent), and a somewhat lower per 
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Fig. 4. Compound fracture of the femur with extensive 
soft tissue injury. a, Illustrates appearance of the wound 
6 days after injury. There are large masses of necrotic 
muscle and fascia. Débridement has been incomplete. b, 
Illustrates the wound 3 weeks after the redébridement. c, 
X-ray film. d, After closure and graft. e, Wound com- 
pletely healed. 


centage in Group, I (60 per cent). Unsatis- 
factory results occurred in 4.4 per cent of the 
cases. 

When first confronted with several hundred 
large contaminated wounds of the buttocks, 
arms, legs, and trunk, it is not without some 
apprehension that one undertakes closure. It 
can be candidly stated, however, that in only a 
few instances throughout the entire series 
were signs of systemic infection observed fol- 
lowing secondary suture. The most amazing 
defects could frequently be drawn together 
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with considerable tension and primary heal- 
ing would still occur. 
CASE REPORTS 

CasE1. Extensive wound of the buttock: This soldier 
was wounded June 14, 1944, by a high explosive 
shell. Thorough débridement was carried out in 
Normandy, France. The wound was initially dressed 
with vaseline gauze and local sulfanilamide. Penicil- 
lin was not given in any form. He was given an in- 
determinate amount of sulfadiazine orally. He was 
admitted to the hospital June 20, 1944. Vaseline 
packs were removed and wet saline dressings applied 
on the 2oth and 21st-of June. The soldier was then 
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c 


d 


Fig. 5. Compound fracture of the humerus. a, Ten days after injury. b, After re- 
débridement and closure. c, X-ray films. d, Two weeks after suture. 


taken to the operating room and the wound closed 
under local anesthesia (1 week after injury). The 
wound was 5 or 6 inches in depth and the gluteal 
muscles were completely divided. Closure was ac- 
complished with deep through-and-through silk 
sutures which included the margins of the divided 
muscle. No local chemotherapeutic agent was 
placed in the wound. The wound was closed under 
considerable tension as can be seen from the illustra- 
tion (Fig. 1a) and the suture line was reinforced 
with strips of adhesive. A large pressure dressing 
was applied. Figure rb shows the result at 1 week. 
No medication was given during the postoperative 
period except oral sulfadiazine for 5 days. At the 
end of 2 weeks the patient was up and about and the 
wound was completely dry and perfectly healed. 
CAsE 2. Extensive wound of the elbow: This soldier 
sustained a penetrating wound of the forearm near 
the elbow from a machine gun bullet on June 23, 
1944. Débridement was not done until the following 
day at which time the wound was packed with vase- 
line gauze and sulfanilamide powder. He did not re- 
ceive penicillin in any form. He was admitted on 
June 25, 1944. The vaseline pack was removed, 
wet dressings were applied for 24 hours and closure 
was done on June 26, 1944 (2 days after original dé- 


bridement). No local chemotherapy was given. 
Sulfadiazine was given orally on the day preceding 
operation and for 4 days after operation. Complete 
primary healing was obtained. Physical therapy was 
begun 14 days after operation.! 

CasE 3. Massive wound of posterior aspect of thigh: 
This soldier was wounded on July 25, 1944 by an 
aerial bomb. There was extensive hemorrhage and 
shock, and débridement was not done until 48 hours 
following injury. He was evacuated to the United 
Kingdom and arrived in Oxford August 2, 1944 (5 
days after primary débridement). He was ina plaster 
of paris hip spica and his field medical record con- 
tained the following note: ‘Recommend: Cast not to 
be removed for a minimum period of 8 weeks because 
of massive tissue loss. Femoral artery, femur and 
sciatic nerve exposed at time of operation for a dis- 
tance of 6 inches.” There was a nauseating odor and 
much drainage through the cast, and it was there- 
fore promptly removed. The wound involved the 


1Primary healing is almost invariably observed in wounds which are 
closed with a sey be of the primary débridement. Most of the compli- 
cations in wound healing after secondary closure were observed in those 
wounds which were much older. This suggests that sutures might well be 
placed in the wound at the original operation and after 2 or 5 days, if 
inspection reveals the wound to be clean, the wound can be closed by 
simply drawing up the sutures (delayed primary suture). 
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entire thigh and was swathed in vaseline gauze. 
There was much purulent exudate in spite of the fact 
that he had received large doses of penicillin both at 
the field hospital in France (initial intravenous dose 
of 100,000 units) and during his transport to the 
United Kingdom. 

A large simple saline dressing was applied and 
changed frequently during a period of 4 days, and on 
August 7, 1944, he was taken to the operating room 
and a partial closure accomplished by mobilization of 
the skin margins (Fig. 3b). Granulations were just 
beginning to appear and they were removed from the 
muscle surfaces. The femoral vessels were exposed 
for a distance of 5 or 6 inches in the depth of the 
wound and the femur was covered only with a thin 
fascial layer. A single sheet of split thickness skin 
was taken from the opposite thigh with a free hand- 
knife and sutured into place in the remaining defect 

Fig. 3c). A large pressure dressing was applied. 
Figure 3d illustrated the appearance of the wound at 
the first dressing with a complete take of the graft. 
Physical therapy was begun in about 10 days and the 
patient was out of bed on the 14 day with the wound 
healed. Penicillin was not used. Nothing was put 
into the wound topicaliy and the only medication 
was sulfadiazine orally.! 

Case 4. Severe compound fracture of the femur: 
his soldier sustained multiple shrapnel wounds of 
the right thigh and abdomen, and a compound 
comminuted fracture of the femoral shaft, also an 
intracapsular fracture of the neck of the femur, on 
June 16, 1944 in Normandy. A partial débride- 
ment was done about 4 hours later. Eviscerated 
loops of bowel were replaced within the abdomen, a 
portion of omentum resected and the abdominal 
vound closed. In the following 48 hours he received 
:§ units of plasma, 20,000 units of penicillin every 4 
hours, two transfusions of whole blood and sulfa 
drugs topically and systemically. He was admitted 
to our general hospital 4 days after injury in very 
poor condition: temperature 1o1, pulse 120, hemo- 
globin 45, red blood count 1.9 million, and white 
blood count 28,000. He was in a hip spica which was 
soaked with blood. He was given several blood trans- 
fusions in the following 48 hours and then taken to 
the operating room where the cast was bivalved. 
Figure 4 illustrates the condition of the wound June 
22, 1944, (6 days after the original injury) and it can 
be noted that there had been incomplete débride- 
ment. There was much necrotic tissue which was re- 
moved from the wound. A Kirschner wire was in- 


1This is a gratifying result and is much better than many weeks or 
months in a plaster cast. There likewise is complete restoration of func- 
tion without limitation of motion by scar which is an invariable sequel of 
prolonged healing by secondary intention. The presence or absence of a 
fracture in the involved bone should not make the slightest difference in 
the basic principles involved in the healing of the wound. We consist- 
ently treated fractures of the femur with extensive soft tissue loss in the 
same manner. There is no question but that compound fractures left 
open with large vaseline packs over a period of many weeks, invariably 
develop a certain degree of bone infection whereas, if the overlying 
wounds are promptly closed, a compound fracture, in the great majority 
of cases, is converted into a simple fracture and infection avoided or 
minimized. This should prove to be one of the most significant contri- 
butions of the war, and differs radically from the original precepts popu- 
larized by Orr and Trueta. 
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serted into the tibial tuberosity for traction. A new 
double hip spica was applied. On July 6 the cast was 
bivalved and the wound treated extensively with 
saline dressings which were changed frequently in 
preparation for closure of the wound. On July 16 (1 
month after wounding) the patient was taken to the 
operating room and the wounds were completely 
closed by secondary suture and split thickness graft 
(Figure 4b illustrates the appearance of the wound 
after wet saline dressings and secondary débridement 
and Figure 4d shows the wound immediately after 
secondary closure. Figure 4e shows the wound com- 
pletely healed just before he was sent to the United 
States with a simple fracture of the femur in good 
position. 

This case is an excellent example of how a severely 
wounded man with multiple injuries has gone through 
the various steps in the chain of evacuation to make 
a good recovery. It is our feeling that these com- 
pound fractures, no matter how severe, can be con- 
verted into simple fractures in many instances when 
good surgical principles are observed. On the other 
hand these extremely large wounds would take 
months to heal by secondary intention and when 
packed with gauze and kept open, there is oppor- 
tunity for infection of bone, secondary hemorrhage, 
and disability from scar contracture. (This patient 
was treated in collaboration with Lieutenant Colonel 
Yancey, Chief of the Orthopedic Section and Major 
C. N. Mell, Assistant Chief of the Orthopedic Sec- 
tion.)! 

Case 5. Compound fracture of the humerus: This 
soldier was wounded in the right shoulder by a high 
explosive shell on September 1, 1944. There was 
severe hemorrhage and shock. He was treated in a 
field hospital 14 hour later, and débridement was 
done followed by the application of a shoulder spica. 
Penicillin was not used. He was given oral sulfadi- 
azine in adequate amounts. He was admitted to this 
hospital 8 days after injury (September 9g) and on 
September 11 he was taken to the operating room 
and the wound was closed without topical chemo- 
therapy. Secondary débridement with complete re- 
vision of the wound was performed and he was given 
several transfusions for his anemia. (Figure 5 illus- 
trates the appearance of the wound before and after 
closure and again 2 weeks later.) This is another ex- 
ample of how a very extensive compound fracture 
can be converted into a simple fracture by simple 
closure. This procedure is only possible because of 
the skillful débridement. He had a completely healed 
wound only 3 weeks after injury whereas the plaster 
treatment of such an open wound would result in 
purulent drainage and prolonged convalescence. 
There is also evidence to support the view that heal- 
ing of bone is greatly enhanced when the wound is 
covered with skin. (This case was under the care of 


1A survey of 100 consecutive compound fractures of the femur treated 
by secondary closure revealed that 92 per cent of them healed completely 
and were returned to the United States 62.9 days after hospitalization; 
95 cases showed evidence of bony union. This series of cases will serve 
as the basis for a subsequent report by Lieutenant Colonel Daniel L. 
Yancey, Chief of Orthopedic Section. 
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Lieutenant Colonel D. L. Yancey, Chief of Ortho- 
pedic Section and Major C. N. Mell, Assistant 
Chief of Orthopedic Section.) 


Analysis of results. It has been surprising to 
observe that 96 per cent of so called contami- 
nated wounds heal satisfactorily when closed 
by secondary suture. The policy of leaving 
traumatic wounds open after careful débride- 
ment and the réle of systemic chemotherapy in 
the prevention of hemolytic infections no 
longer needs to be defended. However, there 
is less agreement as to the management of 
these same wounds after they have once 
reached a general hospital where definitive 
treatment may be carried out. Medical curric- 
ula have rather universally included strict 
admonitions against the closure of contami- 
nated wounds after some arbitrary time inter- 
val. Once this interval had expired, it was 
thought necessary to keep these wounds open 
for an indefinite period of time in order to 
avoid infection which presumably would fol- 
low closure. The present experience shows 
this reasoning to be invalid. This is in con- 
trast to experience reported in the last war. 
Several factors must be considered as a possi- 
ble explanation for the excellent results that 
were obtained. In the beginning, the excel- 
lence and promptness of emergency treatment 
rendered cannot be minimized. There are 
two outstanding features in connection with 
essential primary treatment —good surgical dé- 
bridement and the transfusion of whole blood. 
Experience in this war has demonstrated that 
there is no substitute for the latter under 
battle conditions. 

Penicillin. The antibacterial potency of peni- 
cillin is well known. Many of the wounded 
had received penicillin both topically and 
systemically, beginning at the forward area 
and continued through the echelons of evacu- 
ation. It was given on the LST’s at regular 
intervals when the patients were brought across 
the channel, as well as on air evacuation am- 
bulances enroute to the United Kingdom. It 
is extremely difficult to accurately evaluate 
the effect that this prophylactic measure has 
had upon the subsequent absence of infection 
when these wounds were closed. We are in- 
clined to minimize the effect that it has had 
upon the bacterial flora of the wound, how- 
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ever. For example some of our sickest pa- 
tients had received penicillin in adequate 
amounts but arrived extremely septic because 
of retained clothing or necrotic tissue in the 
depths of a wound. It was invariably true 
that when débridement had been inadequate, 
penicillin had little or no effect, and it was also 
true that when débridement had been ade- 
quately done, it seemed to make little dif- 
ference whether penicillin had been given or 
not. We admitted many patients who had 
had only 1 or 2 doses of 20,000 units over a 
period of several days. Their field medical 
records still carried a notation “penicillin 
treated” and in the subsequent analysis of re- 
sults, such cases give an unreliable index of the 
efficacy of penicillin. Many patients had re- 
ceived none whatsoever and their subsequent 
course, when definitive treatment was carried 
out, varied little or none from those in which 
large amounts of penicillin had been given. 
There were many patients who received a 
large initial intravenous dose at the time of dé- 
bridement in France but did not receive a 
single dose thereafter. Their records are still 
classified as ‘“‘penicillin treated” and are mis- 
leading in this respect. It was rare to en- 
counter a patient who had received thera- 
peutic doses of penicillin at regular intervals 
and one must be extremely critical when eval- 
uating the réle that this drug played. Our 
cases did not receive penicillin either preoper- 
atively or postoperatively except for definite 
indications. Wherever possible efforts were 
then made to identify the organism and its 
sensitivity. 

A nearby general hospital on the other hand 
has used penicillin extensively as a prophylac- 
tic measure. During the month of July 1944, 
this neighboring hospital used 2,208,000,000 
units, while in our work during the same period 
we used 9,500,000 units. In other words, in 
treating approximately the same number of 
patients with the same type of wounds, the 
neighboring hospital used 200 to 250 times the 
amount of penicillin that was used in our hos- 
pital. A few cases on the orthopedic service 
with compound fractures received penicillin 
irrigations to the open wounds. This practice 
was discontinued because there was little dif- 
ference observed when these wounds were 
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compared with others that were treated with 
ordinary wet dressings. 

Penicillin remains extremely valuable in the 
armamentarium of the war surgeon where defi- 
nite indications exist for its use. It does seem, 
however, that there is considerable evidence in 
the present study to show that its routine pro- 
phylactic use is of equivocal value and perhaps 
wasteful. In the great majority of cases there 
is no such indication and in this series satis- 
factory healing was observed in 96 per cent of 
the cases without the use of penicillin. 

Sulfonamide therapy. Much of the conflict- 
ing evidence in both experimental and clinical 
studies on wound healing is a result of a failure 
adequately to control conditions. We deter- 
mined from the beginning to treat all wounds 
uniformly so that there would subsequently 
be an opportunity to evaluate the results. 
There seemed to be considerable evidence to 
support the view that the local use of the 
sulfonamide drugs in contaminated wounds 
possessed many limitations. The inhibitory 
powers of the para-amino benzoic acid deriva- 
tive are well known and the wounds with which 
we were dealing invariably contained a cer- 
tain amount of purulent exudate. In addition 
the relative insolubility of the various drugs 
results in an exudation of plasma like fluid into 
the wound which in many instances is detri- 
mental to wound healing. Ten grams of sulfa 
drug in a wound will frequently give a blood 
level of only 2 or 3 milligrams per cent and this 
is not of therapeutic value. For example, 
erysipeloid infections in the periphery of open 
wounds do not respond well to local sulfa drug 
medication when it is used alone but they 
promptly subside on adequate dosages by 
mouth. It was decided that if an indication 
forasulfa drug existed it would be given in ade- 
quate dosages by mouth. 

As is well known, the majority of wounds 
when they occur on the battle front are dusted 
with sulfanilamide powder before the first aid 
dressing is applied. In addition most of them 
are subsequently treated locally at the time of 
secondary dressings and almost invariably at 
the time of débridement. The soldiers also 
take 4 grams by mouth at the time they are 
wounded in most instances and the oral medi- 
cation is almost invariably continued. Intra- 


venous sulfa drugs have also been utilized 
freely at forward medical stations. There is no 
question but that this has been of tremendous 
prophylactic value and there is no doubt but 
that it is the reason that streptococcus cellu- 
litis rarely occurred in the wounded of this 
war. Septicemia as a complication is ex- 
tremely rare. 

The inclusion of this potent bacteriostatic 
agent in the armamentarium of the war sur- 
geon has allowed a freedom of action which 
has permitted many advances in the surgical 
treatment of these contaminated wounds. One 
of the single factors which has allowed sur- 
geons to close compound fractures and large 
soft tissue defects—oftentimes many daysafter 
the original wound—is the security afforded by 
the knowledge that one possesses an agent 
which successfully combats hemolytic infection 
and prevents septicemia. 

All of the patients in this series received 
sulfadiazine before and after wound closure. 
In several hundred cases there was not a single 
case of systemic infection. In only a few in- 
stances was it necessary to open a wound to 
liberate pus. An occasional wound showing an 
area of cellulitis would invariably subside on 
wet dressings and subsequently heal pri- 
marily. As evidence accumulated there was 
little to condone the topical application of 
chemotherapeutic agents. They are capable of 
interfering with healing because they act as 
foreign bodies, they increase the exudation of 
fluid into the wound and the therapeutic value 
has never been unequivocally proved. 

It should be re-emphasized that whenever 
débridement had been inadequate in the 
emergency treatment of the wound, there 
were frequently dire consequences, no matter 
how adequately the various chemotherapeutic 
agents had been administered either topically 
or systemically. Ifon the other hand, the essen- 
tial débridement had been well carried out, 
the patients arrived in good condition, even in 
those instances in which chemotherapy had 
been omitted or given in subtherapeutic doses. 

The results in these closures were not ap- 
preciably altered by either sulfonamides or 
penicillin locally or systemically when given at 
the time of closure. The principle of closure of 
wounds has progressed to the point that it is 
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perhaps justifiable to postulate that super- 
ficial wounds not closed or covered by graft 
within 3 or 4 weeks of receipt of injury are be- 
ing improperly treated. The deterioration of 
muscle, fascia, tendon, blood vessels, and bone 
when exposed in an open wound progresses at 
an alarming rate and most of the complications 
of wounds can be prevented by covering them 
with epithelium. This procedure is only possi- 
ble when accurate and complete débridement 
has been carried out. In many cases in which 
débridement has been improperly done or 
omitted entirely it is feasible to carry out this 
essential part of the treatment some days later 
at a fixed insta!lation. It has been stated that 
débridement wa; accomplished by surgeons of 
the last war only after considerable experience 
and error. However surgeons of this war were 
well versed in this particular phase of the 
emergency treatment of wounds. This factor 
is undoubtedly of prime importance in the 
consideration of the excellent results that were 
obtained. 

Opinions concerning the plaster treatment 
of compound fractures are likewise rather uni- 
versally being revised. There is no question 
but that the plaster method as outlined by 
Trueta is an excellent method for carrying our 
emergency treatment of wounds under battle 
conditions, permitting rapid evacuation of 
wounded with a minimum of trauma. Un- 
fortunately there has been misinterpretation 
on the part of many as to the applicability and 
this method has been employed on a large 
scale in some centers for the definitive treat- 
ment. 

There were only 5 or 6 instances of sec- 
ondary hemorrhage. This infrequent occur- 
rence may be attributed to the lack of infec- 
tion and deterioration of tissue which is pre- 
sented by prompt wound epithelialization. 
There were only 3 deaths which can reasona- 
bly be attributed to any operative procedure 
in 2,915 operations performed upon this group 
of patients. Death in these cases was due to 
pulmonary embolism. Of 4,471 patients dis- 
charged from the surgical service less than 5 
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per cent left with a wound requiring any dress- 
ing whatsoever. All soft part wounds have 
been epithelialized, either by closure or graft- 
ing, and practically all compound fractures 
have been covered with skin either by closure 
or grafting. The notable exceptions have been 
wounds of the foot with extensive loss of skin 
and infection of the small bones of the foot, 
many of which had persistent and resistant 
sinuses despite best efforts at closure. 


SUMMARY AND CONCLUSIONS 


1. The 725 secondary wound closures of so- 
called contaminated wounds resulted in satis- 
factory healing. 

2. The results in secondary closures are not 
appreciably altered by either sulfonamides or 
penicillin when applied locally at the time of 
closure. 

3. One of the most important factors which 
has allowed surgeons to close compound frac- 
tures and large soft tissue defects, often times 
many days after the original wound, is the 
security afforded by the knowledge that one 
possesses an agent (systemic penicillin and 
sulfonamides) which successfully combats 
hemolytic infection and prevents septicemia. 

4. Secondary closure of granulating wounds . 
can only be successfully performed when sec- 
ondary débridement is carried out. 

The capacity for regeneration and repair as 
related to wound healing involves certain 
fundamental principles. To speak of the 
wounds of warfare categorically and to con- 
sider them apart from the traumatic and sur- 
gical wounds of civilian life may lead to certain 
omissions in the consideration of the general 
features of wound healing. Present experi- 
ences indicate more than ever the importance 
of a sound knowledge of the basic fundamentals 
of surgical principles. Careful débridement 
skillfully carried out is still the one most im- 
portant single treatment for wounds. With- 
out it, no supplementary form of treatment 
will succeed. Although conditions may be far 
from ideal the principles of peace time surgery 
continue to be perfectly valid in times of war. 





MASCULINIZING TUMORS OF THE OVARY 


A Clinicopathologic Survey with Discussion of Histogenesis 


and Report of Three Cases 


LALLA IVERSON, M.D., 


NCREASING numbers of masculinizing 
tumors of the ovary are reported in the 
literature. 

The histological appearance of the ar- 
rhenoblastoma group heretofore has occa- 
sioned little difficulty in pathologic diagnosis. 
More confusing are those few cases associated 
with virilizing symptoms which, because of 
their microscopic appearance, have been vari- 
ously termed hypernephroma of the ovary, 
masculinovoblastoma, ovarian adrenal rest, 
or adrenal cortical inclusion. Sometimes classi- 
fied with the “‘virilizing lipoid cell’’ tumors of 
the ovary and often indistinguishable from 
them are the luteinomas or luteomas. 

Two of the following cases illustrate inter- 
esting variations of the more typical findings 
of arrhenoblastoma. Case 3 represents both of 
the above general histologic types in intimate 
association and is reported for its contribution 
to the understanding of the histogenesis of 
these tumors. 

Case 1. Mrs. C. L. D., Duke Surgical Pathology 
No. 5636. The patient was 37 years of age, white, a 
nullipara with a previous history of regular men- 
strual periods and an oophorocystectomy at 17 years 
of age. Her present illness was of 18 months’ dura- 
tion, the onset marked by amenorrhea and followed 
by growth of coarse black hair over her face and 
chin. In addition to the hoarseness of her voice she 
noted a tendency to perspire easily, and nervousness 
accompanied by bitemporal headaches. A slight 
weight loss and mild lower abdominal pain were ex- 
perienced during the last few months of her illness. 

Patient’s height was 63 inches: weight, 163 
pounds; blood pressure, 144/100. 

The patient’s face and chin were covered by a 
growth of hair about 1 inch in length. There was no 
temporal recession of the hairline. Some coarse hair 
was distributed about the breasts, which were of 
normal size. A moderately tender cystic mass occu- 
pied the right lower abdomen extending up to the 
umbilicus. Appearance of clitoris and vocal cords 
were not recorded. 


From the Department of Pathology, Duke University School 
of Medicine, Durham, North Carolina. 
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At operation a large cystic mass was found in the 
region of the right ovary. The left ovary was small 
and firm. Three small pedunculated fibromyomas 
were removed from the uterus, together with the 
entire ovarian tumor. 

After operation the headaches disappeared im- 
mediately and menstruation began shortly after dis- 
charge from the hospital. The hirsutism diminished, 
and after 10 years the patient remained free of symp- 
toms of recurrence. 

Accessory clinical findings: hemoglobin, 90 per 
cent; leucocyte count, 8,600; differential, normal. 
Urea, 28 milligrams per 100 cubic centimeters; 
Wassermann, negative. Glucose tolerance test (50 
mgm. of glucose given): fasting, 80 milligrams; first 
hour, 125 milligrams; second hour, 118 milligrams; 
third hour, 77 milligrams. Urine: clear; Bence-Jones 
protein present. Basal metabolic rate, +7. 

Pathologic examination. The gross specimen con- 
sisted of a mass measuring 16 by 8 by 6 centimeters and 
weighing 1500 grams. The outer surface was smooth 
except for several cystic areas on the surface. In the 
center was a well circumscribed semisolid area, 
grossly hemorrhagic. Numerous mu!tilocular cysts 
with thin gray walls occupied the rest of the tumor. 

The microscopic sections revealed ovarian cortex 
with primitive follicles at the periphery of the mass. 
Many large hemorrhagic cysts lined by macrophages 
containing hemosiderin were noted. There was an 
imperceptible transition between ovarian mesen- 
chyme and tumor stroma, which, for the most part, 
appeared very edematous and myxomatous. In the 
myxomatous tissue were clumps and columns of 
large polyhedral cells with dark staining eccentric- 
ally placed nuclei and granular or foamy eosinophilic 
cytoplasm. These cells were especially abundant 
about the periphery of masses of sarcoma-like tissue 
consisting of whorls of elongated spindle-shaped 
cells (Figs. 9, 13, 15 O). The latter in some areas were 
rounded, resembling granulosa cells, and in others 
ovarian stroma. 


The histological picture of the ovarian mass 
was almost identical with that of 2 cases of 
arrhenoblastoma with metastases seen in this 
laboratory (Table I, Cases 38 and 41). One of 
the latter patients died within 2 years after re- 
moval of the primary tumor; the patient just 
described was free of symptoms of recurrence 
for at least 10 years after operation. 
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MORPHOLOGICAL FEATURES OF 41 CASES 
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Pituitary cyst; brief period of improvement following hypophysec- 
tomy, then ascites and abdominal mass. Metastatic interstitial 
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tDysgerminoma. 
Additional cases of arrhenoblastoma not included in Table I. 
1937: Glaser and Haempel. 


Bence-Jones proteinuria has not been previ- 
ously reported in cases of arrhenoblastoma. 

CasE 2. Mrs. C. H., Duke Hospital No. B57754. 
The patient, aged 32 years, colored, multipara, 
was first admitted to an outside hospital because of 
abdominal swelling. 


*Types: I—Adenoma tubulare testicular; II—Mixed; II1I—Sarcomatous. 


1938: Varangot; Hitzanides; Xavier and Junqueira; Pires; Anderson; 
Kleistman. 


Eighteen months before admission her periods be- 
came scanty, and amenorrhea ensued. Although a 
possibility of pregnancy was considered, her breasts 
became smaller. She noted a slight huskiness of 
voice and began to pluck the few coarse hairs which 
appeared on her chin. These signs were masked by 
the increased abdominal swelling. At laparotomy 8 








IVERSON: MASCULINIZING TUMORS OF OVARY 


MORPHOLOGICAL FEATURES OF 41 CASES—Continued 
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130/80 Tumor grossly yellow; loss of libido postoperatively 





Myxomatous. Pregnancy 11 mo. postoperatively 





126/88 Fibromyomata uteri 











Dermoid cyst on left. Infantile uterus and cervix 





Acne. Zones of definite epithelial proliferation, as well as sarco 
matous zones and clear vacuolated large cells like Leydig cells 
postop. 3 pregnancies; 1 miscarriage, 2 normal 





Cyst lined by columnar epithelium of entodermal origin. Some por- 
tions of tumor resemble granulosa cell tumor; carcinoid also pre- 
sented in tumor 





Acne. Interstitial cells in soft matrix. Pregnancy together with 
glycosuria and arrhenoblastoma symptoms. Child a “pseudoher- 
maphrodite,” had 3 “‘periods.”” Motherlactated 4 days postpartum 
Hirsutism gone after 3 months 





Ini- Metastases to peritoneal surfaces, ascites, pleural effusion; improve 
tially ment after first operation. Died 4 years after onset 
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1939: Luzuy; Aburel, Marza, and Dobrovici; Ekers and Harstad; 1942: Usandizaga and Oliva. 
Soetidjo Hardjosoekatmo. oR Ae! , 1943: Menon and Veliath. , 
1940: Rao, Menon, and Narayanamurthi; Wijsenbeek and Plate; Xavier 1944: Medina and Amorim; Brito and Rivero; Velasco and Zapatero. 
and Junqueira; Althabe, dePaola, and Colillas. TOTAL—20 cases. 
months after the onset of symptoms an ovarian of the specimen was a solid tumor-like growth. The 
tumor was found and removed. cut surface appeared homogeneous, somewhat fi- 
The specimen consisted of a single encapsulated _ brous in character, and had a slight yellowish dis- 
tumor mass which measured 7.5 by 7 by 5 centi- coloration. Scattered through the deeper part of the 
meters. The outer surface was firm, somewhat specimen were small areas of cystic degeneration. 
nodular, and contained a thin walled 2 centimeter Microscopic sections revealed the tumor to be 
cyst filled with straw colored fluid. The remainder composed of interlacing spindle-shaped cells with 
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Fig. 1. Age incidence in 75 cases of arrhenoblastoma. 


elongated vesicular nuclei surrounding large plump 
cells which were typical of the usual “interstitial 
cells” in arrhenoblastoma. 

Transitions from the former primitive type to the 
latter differentiated cell were prominent. There was 
abortive tubule formation (Fig. 3). 

The patient improved slightly after the operation 
but noticed no permanent regression of her symp- 
toms. Her weight loss increased to 50 pounds, and 
she complained of a loss of libido. Five months after 
operation a marked ascites and left hydrothorax 
brought her to the out-patient clinic of this hospital. 
Because of her progressively weakening condition 
she was admitted and a diagnosis of Meig’s syn- 
drome was considered. At this time the original 
slides were requested and reviewed. Diagnosis of 
arrhenoblastoma was made. 

Accessory clinical findings: Pleural and abdominal 
fluid: no tumor cells; Hemoglobin, 12 grams; ery- 
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Fig. 2. Glucose tolerance test in 7 cases of masculinizing 
ovarian tumor. 


throcyte count, 4.13 million; leucocyte count, 9,960 
with normal differential. Sedimentation rate, 44 
millimeters per hour. Urine, clear. Tuberculin, 
negative. Total protein, 6.3 grams; albumin 2.7 
grams per 100 cubic centimeters; globulin, 3.6 grams 
per 100 cubic centimeters; 17 ketosteroids averaged 
3.1 milligrams per 24 hours for 3 days. 

The patient was operated upon 2 weeks after ad- 
mission to the hospital. Exploration revealed gener- 
alized metastases studding the peritoneum and ser- 
osal surfaces of the intestines. The thickened 
omentum was drawn up to the transverse colon. 
There were metastases to the liver, the surface of 
which was roughly nodular. Biopsy specimens were 
taken from the omentum, parietal peritoneum, 


Fig. 4. 


Fig. 3. Case 2. Section from primary tumor. Note 
spindle shaped cells, vascularity, and abortive tubule for- 
mation. There are numerous gradations between primitive 
mesenchymal cells and eosinophilic polyhedral “interstitial 
cells.” X175. 

Fig. 4. Case 2. Metastasis to fallopian tube. Many fat- 


laden polyhedral cells are intermingled with spindle cells. 
Note similarity to Figure 14. 175. 

Fig. 5. Case 2. Metastasis to appendix. Note eosino 
philic “‘interstitial cells” in submucosa of appendix, more 
closely resembling those of primary tumor than of tubal 
metastasis. 175. 
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Fig. 6. Case 3. Lateral view demonstrating distribution 
of fat. Note hairy arms and legs. 


appendix, and tube. The patient died 2 weeks after 
operation, 18 months after the initial symptoms. No 
autopsy was obtained. 

All of the sections showed metastatic tumor, the 
microscopic appearance of which varied greatly. 
The surface implants were characterized by a friable 
mass of fibrin, necrotic débris, and large cells re- 
sembling ‘‘interstitial cells.’ Infiltrating or metas- 
tatic lesions were accompanied by more connective 
tissue and primitive stroma in the meshes of which 
were numerous fat laden foam cells (Fig. 4). The 
latter, where found in the appendix, contained less 
fat (Fig. 5) and more closely resembled the original 
eosinophilic interstitial cells. 

Because of the early metastasis of this tumor 
and the rapid growth of primitive cells, func- 
tional signs were slight. Masculinizing symp- 
toms were elicited only in retrospect. The 
ascites and hydrothorax resulting from the 
widespread metastases led to a clinical diag- 
nosis of Meig’s syndrome before the second 
hospital admission. The original tumor pre- 
sented a relatively benign appearance at a time 
when there was already evidence (ascites) of 
early metastasis. The varied and baffling 
histological picture of the metastatic implants 
and their dissimilarity to the primary mass re- 
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Fig. 7. Case 3. Patient before operation (after shaving), 
showing temporal recession of hair line, loss of hair on scalp, 
masculine features. 


Fig. 8. Case 3. View of enlarged clitoris, which measured 
approximately 2.5 centimeters. 
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Fig. 9. Case 3. Operative specimen including uterus and 
adnexa. Note small uterus and atrophic right ovary. The 
left tube roughly marks the boundary of the large thin 
walled cyst below and the nodular multicystic tumor mass 
above. 


moved 10 months previously emphasize the 
need for careful clinical and pathologic in- 
vestigation of every case of primary ovarian 
neoplasm. 


CasE 3. Miss J. S., Duke Hospital No. B54444. 
The patient, aged 61 years, a single white female, 
nullipara, was admitted to the hospital complaining 
of a pelvic tumor of 2 years’ duration. Her mother 
and maternal grandmother had facial hirsutism, but 
there was no family history of masculinizing tumors. 
Her father and one brother had diabetes mellitus. 
The patient stated that her flat hips, large abdomen, 
sway-back, and unusual physical strength were “‘in- 
herited”’ from her father. The essential features of 
her development and illness are summarized as 
follows: Age 1o: Reached maximum height, matur- 
ing at same rate as sister. Axillary and pubic hair 
appeared. Age 13: Menarche; periods regular every 
28 days, lasting 4 to 5 days; normal flow. Age 15: 
Weight 126 pounds, maintained for 1o years. Age 
25: Increase in hair on chest, upper lip, side of face, 
controlled by plucking the more unsightly areas. 
Age 26: Began to gain weight, slowly attaining 
maximum weight of 155 pounds. Age 35: Heavy 
hair appeared on arms and legs. This persisted, but 
there was no change in axillary or pubic hair. Age 
44: Forced to begin shaving of hair on cheeks, upper 
and lower lips, and neck. Age 55: Spontaneous 
menopause, characterized by mild nervousness and 
‘hot flushes.’’ Age 58: (24 years before admission). 
Pain in knees and back upon exercise. Abdominal 
swelling. Diagnosis of local physician: arthritis; 
fibroid tumor “‘size of grapefruit.’”? Age 59: (1% 
years before admission). Voice became harsh and con- 
tinued to assume a lower pitch and coarser quality. 
Age 61: (Six months before admission). Slight vaginal 
bleeding every day for 5 months. 

The breasts were reported as having always been 
small. The patient admitted no change in emotional 
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Fig. 10. Case 3. Cross section of left ovarian tumor 
viewed from behind. Note thickening of medial portion of 
large cyst wall. Small nodular masses in cyst wall showed a 
sarcomatous pattern with absence of interstitial cells. 
Other small nodules scattered throughout the gelatinous 
tumor mass above the large cyst contained varying propor- 
tions of spindle cells and interstitial cells. Tumor nodules 
A and B represent the gross picture of arrhenoblastoma 
and adrenal-like tissue, respectively. 


make-up or sexual desire with her illness. She re- 
ceived no hormonal therapy. 

Physical examination revealed temperature, 37 
degrees; pulse, 72; respirations, 20; blood pressure, 
140/80. 

The patient was a co-operative, intelligent woman 
whose manner was conventional and feminine, and 
whose voice was slightly hoarse but well within a 
feminine range. The hair was gray or white and 
quite sparse, especially at the temporal region. 
There was evidence of recently shaved beard over 
the face and neck (Figs. 6, 7). Heavy black hair was 
distributed over the shoulders and became quite long 
and coarse over both forearms and the entire surface 
of the muscular legs. The pubic hair had a masculine 
distribution, pointing upward toward the umbilicus. 
The skin was coarse in texture, and the chest sug- 
gested a buffalo distribution of fat. The breasts 
were extremely small, flat, with pale pink nipples and 
areolae surrounded by a ring of fine black hair. 
There was no hair between the breasts. 

Both vocal cords were slightly reddened posteri- 
orly and moved on phonation. The thyroid was not 
palpable. The abdomen was slightly protuberant. 
A firm, mobile, painless mass rose from the pelvis to 
the level of the umbilicus. 

There was moderate hypertrophy of both labia 
majora and minora. The clitoris was hypertrophied, 
attaining a length of 2.0 to 2.5 centimeters and a 
diameter of 1 centimeter (Fig. 8). There was a 
nulliparous introitus of excellent support. The cer- 
vix was small, conical, and firm. The uterus was not 
palpable and appeared to be separate from the large 
mass, which extended into both adnexal regions. 

Accessory clinical findings: Roentgenograms of the 
skull showed no change in the sella turcica. Retro- 
grade pyelograms revealed a slight dilatation of the 
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Fig. 11, left. Case 3. Microscopic section of tumor nodule A (Fig. 10). Note large 
polyhedral “‘interstitial cells” within the sarcomatous tissue. This section resembles 
primary tumor seen in Case 1. X17o0. 

Fig. 12. Case 3. Microscopic appearance of edge of a small cyst. Note lining up 
of “interstitial cells” in loose connective tissue. Tumor nodule B was composed of a 
large area such as this. At upper right is seen the periphery of a small mass similar to 
tumor A (Fig. 11). X85. 


Fig. 13, left. Case 3. Microscopic appearance of a small nodule (C in Fig. 10). 
Compare with interstitial cells in Figure 11. Note foamy appearance of cells, compara- 
tively slight;stroma, marked vascularity and great variation in cell size. 170. 

Fig. 14. Case 3. Microscopic section of peritoneal implant. This was the only 
metastasis and contained fat-laden polyhedral cells resembling those in metastatic 
lesion in Case 2 (Fig. 4). Note similarity of these cells to those in masculinovoblas- 
toma (Fig. 15P). Interesting tubular structures characteristic of intermediate types 
of arrhenoblastoma were not seen in primary tumor. 
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Fig. 15. Morphological interrelationship of functional 
ovarian tumors and normal ovarian structures. 

The chart shows the ovarian tumors divided into the 
feminizing and masculinizing groups by a line connecting 
two pictures of ovarian stroma: G, the relatively undifferen- 
tiated primitive mesenchyme which is totipotential; and 
H, the luteinized ovarian stroma. 

At the top center are seen two pictures of an ovarian 
follicle, A and B, showing the three layers of the follicle 
and the corresponding tumors, so named because of their 
morphological resemblance to the granulosa and theca cells. 
Two examples of thecoma are included to show the more 
cellular type resembling the theca interna, D, and that 
which resembles fibroma, £, morphologically similar to the 
cells in the theca externa. Combinations representing both 
types of feminizing tumors are frequently seen, 

There are two main groups of frankly masculinizing 
tumors, the arrhenoblastoma, O, and the masculinovo- 
blastoma, P (adrenal cortical rest, virilizing lipoid cell 
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tumors, etc.). K shows the sarcomatous type of arrheno- 
blastoma in a large metastatic growth, the more frequent 
histological appearance of metastatic arrhenoblastoma 
(Figs. 4, 5,14). Lrepresents the primary tumor in the same 
case (Table I, Case 38), demonstrating the tubular form 
which suggests somewhat the follicular type of granulosa 
cell tumor. 

O shows a cluster of interstitial cells at the periphery of a 
sarcomatous arrhenoblastoma nodule (Case 1) resembling 
the larger masses of such cells seen in the adrenal-like tissue 
of Case 3 (Fig. 13). Note the similarity to luteinized 
ovarian stroma, H, paralutein and theca lutein cells, Q, R, 
S, and masculinovoblastoma, P (Table II, Case 24). 

These morphological similarities would suggest that 
arrhenoblastomas may represent neoplastic growths from 
totipotential ovarian mesenchyma, G, H, rather than from 
embryonic testicular structures. (See text for further dis- 
cussion.) They further suggest the fact that masculinovo- 
blastoma may actually represent a neoplasm of “‘interstitia! 


(Legend continued on opposite page.) 
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right pelvis and ureter. Vaginal smear consisted 
almost entirely of débris and degenerated cells; 
very rarely an atypical epithelial cell was seen. The 
smear indicated extreme hypoestrogenism (Mack, 
Grade 1). There was some spilling of sugar in the 
rine during the glucose tolerance test, and blood 
vel indicated a decreased tolerance to glucose, sug- 
esting a diabetic tendency: fasting specimen, 108 
iilligrams; 1% hour, 210 milligrams; 1 hour, 280 
iilligrams; 134 hours, 212 milligrams; 3 hours, 131 
iilligrams; 4 hours, go milligrams. Blood sugar, 103 
iilligrams; total proteins, 7 grams; chlorides, 600 
iilligrams; cholesterol, 150 milligrams; calcium, 8.4 
iilligrams. Basal metabolic rate, -13. Serological 

‘sts for syphilis, negative. Urinary assays of keto- 
steroids: preoperative, 10.9 milligrams per 24 
hours; postoperative, 8.85 milligrams per 24 hours. 
|’reoperative gonadotropins: 12 rat uterine units, 6 
rat ovarian units, 4 rat macroscopic corpus luteum 
units. Postoperative gonadotropins: 18 rat uterine 
units, 10 rat ovarian units, 4 rat macroscopic corpus 
luteum units. 

The following diagnoses were made: arrheno- 
blastoma; adrenal cortical neoplasm or hyperplasia; 
adrenal rest tumor of the ovary. 

On the 18th hospital day, operation was per- 
formed. A large cystic tumor about 25 centimeters 
in diameter was found replacing the left ovary. Fol- 
lowing an uneventful recovery the patient was dis- 
charged on the 29th hospital day. Four months 
later, she wrote, ‘‘ Everyone marvels at my quick re- 
covery. The hair on my face and arms is not so 
thick, about half as much as before the operation. 
A few new hairs are growing on top of my head 
My voice 
is remarkably better. I can sing a little, which 
| had been unable to do in almost a year and one 
half.”’ 

The gross specimen consisted of a uterus and bi- 
lateral adnexa (Fig. 9). 

The uterus was 8 by 6 by 5 centimeters and con- 
tained four small intramural fibromyomas. A soft 
grayish polyp projected into the endometrial cavity 
from the superior fundic wall. The right ovary was 
fibrous, indurated, and obviously atrophic. The 
right tube showed no gross lesions. The left tube 
was stretched to a length of 1o centimeters as it 
coursed up to the superior pole of a large 21 centi- 
meter cyst, containing clear yellow fluid. 


where the baldness was taking place. 


223 


The lateral and inferior cyst walls were paper-thin, 
and numerous tortuous veins were prominent over the 
surface. Bordering the thicker superior cyst wall 
was a rough boggy mass which was divided by fi- 
brous septa into several polycystic gelatinous 
masses. The largest of these was located in the 
superior lateral curvature of the cyst wall and was 
composed grossly of grayish-green myxomatous tis- 
sue, in the center of which were two separate and 
distinct nodules. The first (tumor A in Fig. 10) was 
a firm white tumor, 2 by 1.5 centimeters; the second 
(tumor B in Fig. 10) was a soft, bright orange, ir- 
regular mass, 3 by 2 centimeters. Scattered through- 
out the myxomatous stroma were numerous tiny 
yellow flecks of varying size and shape. In some 
areas these assumed a well circumscribed soft white 
nodular form with no gross encapsulation. The 
various septa appeared to converge posteriorly as a 
band of white fibrous tissue, 0.5 to 1.5 centimeters 
thick, gradually thinning out toward the medial 
surface of the cyst. 

Microscopic sections revealed a chronic vaginitis 
and cervicitis. The endometrial polyps were charac- 
terized by an atrophic stroma and cystic, nonfunc- 
tioning glands. The small intramural and surface 
nodules proved to be fibromyomas surrounded by 
edematous myometrium. 

No ovarian tissue could be demonstrated on the 
left. Many sections of the cyst wall showed dense 
collagenous fibrous tissue interspersed with myxoma- 
tous tissue. No evidence of teratomatous growth 
was found. The yellowish nodule in the midst of the 
wall where the Fallopian tube ended showed a sar- 
comatous pattern with an imperceptible transition 
to myxomatous or fibrous tissue at its border. Parts 
of the more compact regions of the cyst wall were 
hyalinized, and at the edge of the larger gelatinous 
mass there was an abrupt transition between the 
fibrous capsule and the myxomatous stroma. 

Tumor A was composed of spindle-shaped cells 
with elongated vesicular nuclei which were marked 
by a clear nuclear membrane and two or three 
nucleoli. The larger nuclei contained a coarser 
chromatin network than the smaller, more compact 
nuclei. Gradations toward the “interstitial cell” 
described below were frequent. Bipolar strands of 
cytoplasm containing minute fat droplets were so 
interlaced that cell borders could not be distin- 
guished. The tumor was not encapsulated, but ap- 





cells” shown to be morphologically similar to theca lutein 
or paralutein cells (Table III). 

Gynandroblastomas, /, and luteinized granulosa or theca 
cell tumors or both, J, are both histologically and clinically 
borderline. Luteomas, M, N, are completely luteinized 
granulosa or theca cell tumors or both and may be mascul- 
inizing or feminizing. The tumor shown at J was masculin- 
izing; others histologically similar may be feminizing. 

Some workers include masculinizing luteomas within 
category of virilizing lipoid cell tumors or masculinovoblas- 
toma. This relationship is shown by double arrow connect- 
ing M-N and P. 

Note morphological similarity of luteoma M, N, to para- 
lutein cells, R, rather than to lutein cells at right of Q (more 


accurately termed “‘paraluteinoma”’?). There is a resem- 
blance between androgen and progesterone-producing para- 
lutein cells, Q, and theca lutein cells, S, and those of 
masculinovoblastoma, P. 

Former theories relative to the histogenesis of the two 
types of masculinizing tumors are represented by photo- 
graphs of a normal testis showing interstitial cells of Ley- 
dig, T and of a normal adrenal, zona fasciculata, U, show- 
ing cells similar to those in the masculinovoblastoma. The 
morphological gradations between tumors known to arise 
from ovarian structures (totipotential ovarian mesen- 
chyme) and the masculinizing tumors strengthen the histo- 
genetic relationship of the theca lutein or paralutein cell to 
arrhenoblastoma and masculinovoblastoma. 
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LOGICAL FEATURES OF 24 CASES 
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peared to end abruptly at its periphery, where it was 
replaced by loose myxomatous tissue. Here the vas- 
cularity was greatly increased, and clumps of large, 
polyhedral, eosinophilic cells with small round dark 
eccentric nuclei were seen. Occasional clumps of 
these cells were included within the sarcomatous 
mass (Fig. 11). 

Tumor B was merely a large concentration of the 
“interstitial cells.’ Their nuclei were sometimes 
slightly oval and irregular but were more often 
round. The nuclear membrane was clear and the 
chromatin material coarsely granular. The nucle- 
olus was prominent afd usually eccentric. In some 
areas, the nucleus was more compact and finely gran- 
ular with a hazy nucleolus. Large giant cells with 
irregular hyperchromatic nuclei were frequent and 
mitoses were noted in all sections. 

The yellow appearance in the mass was due to the 
accumulation of the “interstitial cells” in concen- 
trations great enough for their lipoid content to in- 
fluence the gross picture. Figure 12 indicates the 
approximate concentration of these cells in tumor B 
and shows their arrangement in the myxomatous 
tissue at the periphery of a sarcomatous nodule. 
They were seen singly or in groups throughout the 
entire large tumor mass wherever the loose connec- 
tive tissue was found. Some of the smaller nodules 
noted grossly contained polyhedral cells so closely 
packed in cords and columns that the tumor re- 
sembled a luteinoma (Fig. 11). Others of the small 
nodules showed an arrangement of cells more typical 
of arrhenoblastoma and very similar to tumor A. 

One peritoneal implant was noted in a mass of tis- 
sue removed separately at operation. This showed 
three main types of tissue: actual tubule formation 
approaching the more differentiated type of arrheno- 
blastoma; a small area of spindle-shaped cells; and 
clumps of foamy cells whose cytoplasm was swollen 
with fat (Fig. 14). 


The clinical diagnosis of adrenal cortical 
neoplasm was justified in this case of an illness 
with a relatively insidious onset and long du- 





1937: Turco (case of ‘‘extremely malignant hypernephroma.”’) 


ration in a postmenopausal diabetic. How- 
ever, most of the specimen was typical of 
arrhenoblastoma, except for the yellowish no- 
dule which resembled adrenal tissue grossly. 
The identity of the latter with the “interstitial 
cells” of the arrhenoblastoma was shown by 
cytological studies. The influence of this vari- 
ation on the clinical picture is not known. Its 
significance will be discussed later. 


REVIEW OF LITERATURE 


A. Arrhenoblastoma. The first 25 cases of 
arrhenoblastoma were summarized in 1932 by 
Buettner. In 1933 Taylor, Wolferman and 
Krock claimed the first United States case, 
which was reviewed 8 years later by the latter 
two authors (108, 68). 

By 1936 the total number of cases was 33. 
These were comprehensively surveyed by 
Baldwin and Gafford, who grouped them ac- 
cording to Meyer’s classification (81): 

I. The adenoma tubulare (testiculare) of 
Pick. ‘‘The most differentiated type,” usually 
unassociated with masculinizing symptoms. 

II. A middle group with typical and atyp- 
ical tubular elements and with solid elements. 

III. Atypical tumors, solid or predomi- 
nantly solid, with atypical tubular elements. 

Their major findings are calculated below: 

1. Average age: 20.3 years; range: 16 to 33 
years. 

2. Number of cases: Type I: Nine (Three 
showed virilizing symptoms. These contained 
mixtures of cells represented in the other two 
types and were not pure examples of ‘‘ade- 
noma testiculare”). Type II. Ten (All showed 
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1939: Kleine (primary hypernephroid blastoma, 2 cases). 
Kreutzmann (atypical malignant hypernephroma). 


virilizing symptoms). Type III: Fourteen 
(All showed virilizing symptoms). 

3. Frequency of important symptoms: 
Change in voice or vocal cords, 21; hirsutism, 
17; clitoral hypertrophy, 14; amenorrhea, 12; 
atrophy of breasts, 9. 

4. Recurrence of tumor: 5. 

5. Return of feminism: 25 (mentioned in 29 
cases). A total of 8 pregnancies, 5 in 1 patient, 
were recorded. Earliest improvement noted 
was resumption of period within 3 weeks. 

Fifty-eight cases have been reported since 
1936, to which we have added 3 cases, making 
a total of 94 cases of arrhenoblastoma. Those 
reported since Baldwin and Gafford’s review 
are recorded in Table I. 

B. Adrenal rest tumor, Luteinoma, etc. 
The second group of masculinizing tumors is 
called merely “‘virilizing lipoid cell tumors” 
by Barzilai. This name was chosen to avoid 
confusion of terminology in a group in which 
rigid diagnostic classifications are made by 
some workers and in which the same diag- 
nostic terms are used interchangeably by 
others. In this group Barzilai includes “‘lu- 
teinomas” as well as ‘‘adrenal rests” and 
“interstitionomas.” 

In 1908 Bovin recorded the first case of 
“hypernephroma” or “adrenal rest tumor”’ of 
the ovary. A critical survey of the status of 
the lipoid cell tumors, luteomas, and hyper- 
nephromas was made by Glynn in 1921, who 
favored a lutein origin of the primary lipoid 
cell ovarian neoplasm. 

More confusion was created by the indis- 
criminate use of the term ‘‘hypernephroma” 


1943: Neumann (hypernephroma with virilism). 


which may include metastatic nonvirilizing 
tumors in the ovary. For example, Stadiem’s 
review in 1937 of ‘‘Nineteen cases of hyper- 
nephroma of the ovary”’ included no cases 
which can now be classified as primary viril- 
izing lipoid cell tumors of the ovary. 

In 1939 Rottino and McGrath limited the 
entire number of virilizing lipoid cell tumors 
to 7 cases. These and the subsequent reports 
totaling 14 cases were incorporated into a re- 
view by Kepler, et al, in 1944. Seven addi- 
tional cases of lipoid cell tumor associated 
with masculinizing symptoms can be included 
at the present time, bringing the total to 21 
cases. These are summarized, with the ex- 
ception of Neumann’s report, in Table II. 
Four other cases, classified as ‘‘adrenal rest”’ 
or hypernephroma in recent years, but not 
associated with virilism, are included in the 
chart for the purpose of comparison. 

Attention must be called to the fact that 
the above 20 cases include: Sellheim’s case 
containing no fat (Case 30 in Baldwin and 
Gafford’s chart of arrhenoblastoma?); Cosa- 
cesco’s case which is also included in the series 
of luteomas by Traut, Kuder, and Cadden 
(112); Saphir and Parker’s case of “adrenal 
cortical inclusion” in which a definite neo- 
plasm was not found; Maxwell’s case, diag- 
nosed as adrenal rest by Schiller, but described 
as arrhenoblastoma by the author; Reis and 
Saphir’s 2 cases of partial masculinization 
with lipoid cell tumor. Exclusion of these cases 
would limit the entire series to 15 cases of com- 
plete masculinization with a lipoid cell tumor 
of ovary and classified as adrenal in origin. 
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Additional cases of masculinization have 
been associated with tumors which the authors 
have separated from the above group and 
have designated strictly as luteinomas or lute- 
omas. Some of this confusion has persisted 
because some workers justifiably object to the 
term “adrenal rest,” believing that there is no 
final basis for such a histogenetic classifica- 
tion. The proponents of the adrenal rest 
theory, in turn, object to the word “lutei- 
noma.” Therefore Rottino and McGrath pro- 
pose the noncommittal term ‘“masculino- 
voblastoma;” and Barzilai, wary of new 
terminology, uses the more descriptive phrase, 
“virilizing lipoid cell tumor.” 

The following list of ‘“‘luteomas”’ is modified 
from the series of Traut, Kuder, and Cadden, 
who separate the 2 groups histologically: 
Gardner and McCleary (Amenorrhea for 8 years) 
Massabuau (No virilizing symptoms) 

(These cases were originally diagnosed 

“hypernephroma,” later reviewed by 

Turnbull and reclassified as luteoma. No 

virilizing symptoms.) 

Wolfe (No virilizing symptoms) 

Cosacesco, et al. (See Table 2. Classified as adre- 
nal rest tumor by Rottino and McGrath, 
Kepler, et al.—Virilizing.) 

(No virilizing symptoms) 

Viana _ (No virilizing symptoms) 

Giampalmo (No virilizing symptoms) 

Mayer (Virilizing) 

Giordano and Haymond 


1908 
1913 


1918 Gordon 


1920 


1927 
1931 


Gordon} 


1937 Torres 


1938 
1938 
1942 
1944 

The histological similarity of the adrenal 
rest tumors, luteomas, and luteinized gran- 
ulosa or theca cell tumors (14, 28, 109, 121) 
necessitate careful evaluation of the clinical 
signs for accurate classification. Geist and 
Spielman (41) suggest that when the tumor is 
accompanied by signs of masculinization it be 
considered an adrenal rest tumor; and when it 
is accompanied by evidence of feminizing in- 
fluence it be termed a luteinized granulosa or 
theca cell tumor. Such an evaluation of the 
more recent cases of luteoma may lead to their 
reclassification as adrenal rest tumor, as in the 
case of Cosacesco and coworkers. 


(Virilizing) 


CLINICAL DATA 


Consideration of the clinical features of 
these tumors is of the utmost importance in 
understanding their anatomic relationship. In 
comparing ‘‘virilizing lipoid cell tumors”’ with 
arrhenoblastomas it must be remembered that 
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the significance of the data will change as more 
cases are added to both groups and as diag- 
nostic criteria become standardized. 

Age. Figure 1 shows the age distribution of 
75 cases of arrhenoblastoma, which corresponds 
roughly to that of “‘virilizing lipoid cell 
tumors.” Arrhenoblastoma: average age, 
31.86 years; range 15 to 66 years. Masculin- 
ovoblastoma: average age, 31.7 years; range 
15 to 61 years. These findings do not corre- 
spond with the statements of some observers 
that masculinovoblastomas occur in later life. 

Race. Cases of arrhenoblastoma have been 
reported in Hindu, Spanish, and Latin Amer- 
ican women. Five cases of arrhenoblastoma 
and 2 cases of masculinovoblastoma have ap- 
peared in the colored race. There is no record 
of cases occurring in the Orient. 

Duration. The preoperative course of ar- 
rhenoblastoma averages 4 years. The major- 
ity of cases are of 1.5 to 2.5 years’ duration, 
and the entire series range from 1 to 17 years 
of symptoms previous to operation. Cases 
diagnosed as masculinovoblastoma average 
4.3 years in duration, ranging 1 to 17 years; 
and the majority have a duration of 3 years or 
less. 

Weight. Fluctuation of weight occurred in 
18 of 33 cases of arrhenoblastoma. Of these, 
11 showed weight loss and 5 became more 
obese, gaining 20 to 58 pounds. Masculinovo- 
blastoma: 8, no change; 6, gain, up to 30 
pounds; 5, loss of weight. A tendency toward 
obesity at the onset of the disease is noted in 
some instances. Loss of weight occurred in 6 
of the 7 fatal cases. 

Pain, abdominal swelling, palpable mass. 
One third of the total number of patients with 
masculinizing tumors complained of pain. 
Twice that number exhibited objective evi- 
dence of the presence of tumor such as pal- 
pable mass or abdominal swelling. The symp- 
toms of pain and abdominal swelling or mass 
are correlated with the size of the tumor, ex- 
cept for metastatic cases in which ascites may 
be present. 

There is little significant difference between 
the number of virilizing tumors located on 
right or left side. 

1The term “‘masculinovoblastoma” (Rottino and McGrath) will hence- 


forth be substituted for the phrase “‘virilizing lipoid cel] tumor,” “‘adrena! 
cortical inclusion,” and “hypernephroma.” 
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Loss of libido. A loss of libido occurred in 
approximately 20 per cent of the patients with 
arrhenoblastoma where this symptom was 
mentioned. In one patient libido was in- 
creased with the presence of tumor. In others 
the patient experienced a loss of libido only 
after the tumor was removed. 

Available data showed no correlation be- 
tween libido and basal metabolic rate. 

Sterility. Some women complaining of pre- 
vious sterility become pregnant subsequent to 
removal of the tumor. Pregnancy has oc- 
curred in 10 to 15 per cent of the cases of child- 
bearing age following operation. In 2 cases 
(17, 125) pregnancy and growth of the tumor 
occurred simultaneously. One infant was a 
pseudohermaphrodite, had an enlarged clito- 
ris, and had 4 “‘periods” beginning immedi- 
ately after birth at 28 day intervals. 

Hormonal studies. Accurate evaluation of 
hormonal assays is impossible because of the 
great variation in standards and methods, and 
because of the absence of control assays. In 
general, there is an increase in androgens and 
decrease in estrogens and gonadotropins. In 
absence of recurrence, the normal levels are 
gradually resumed postoperatively. 

Virilizing and defeminizing symptoms. The 
patient may give a past history of long-stand- 
ing amenorrhea, of moderate excess hirsutism, 
of masculine habitus, or of unusual strength. 
Some complain of lack of libido during married 
life or of sterility for many years. 

Usually, however, the onset is more definite, 
progressing steadily for 1 to 4 years until the 
tumor is suspected. The degree of masculin- 
ization is not correlated with size or histo- 
logical appearance of the tumor, except in 
patients with those tumors classified as ade- 
noma tubulare. 

1. Amenorrhea: Scant menstruation was 
present in one patient with arrhenoblastoma 
(Type I). In all other cases complete amenor- 
rhea occurred, including 5 which were post- 
menopausal. Amenorrhea is usually the first 
symptom to appear; and after the tumor is re- 
moved the periods may return within 1 month. 

Menorrhagia sometimes precedes the amen- 
orrhea. In some cases it is associated with 
polyps and fibromyomata uteri; in others the 
significance is not known. 
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Examination of the opposite ovary at the 
time of operation reveals atrophy of this organ 
in less than 50 per cent of the cases. Function 
was completely restored in all but one case. 

2. Hirsutism. Hirsutism was present in 85 
per cent of patients with arrhenoblastoma. 
The hair was usually coarse and distributed 
over the lower forearms, legs, thighs, chest, 
chin, and face. At the pubic region it pointed 
up toward the umbilicus in typical masculine 
distribution. It is not unusual for the patient 
to shave every day. Many of the patients 
demonstrated a temporal recession at the 
hairline, approaching baldness. The patients 
who exhibited no hirsutism had no other as- 
sociated masculinizing symptoms, except for 
amenorrhea (defeminization). The hirsutism 
decreases gradually after removal of the tumor. 

3. Voice change: This sign was present in 
62 per cent of the patients with arrhenoblas- 
toma, some of whom noticed it only in retro- 
spect. The vocal cords, when examined, 


showed reddening, true hypertrophy, or no 
change. A prominent Adam’s apple appeared 
in some instances. 

After removal of the tumor the voice be- 
comes higher and the vocal cords diminish 
In some cases no improvement is 


in size. 
noted. 

4. Atrophy of breast: Seventy per cent of 
the cases of arrhenoblastoma showed atrophy 
of the breast. Actual loss of glandular tissue 
can be determined by careful palpation, even 
in a breast which is not appreciably dimin- 
ished in size. This symptom regresses rapidly 
postoperatively. 

5. Hypertrophy of clitoris: Seventy per 
cent of patients with arrhenoblastoma show 
clitoral hypertrophy, the clitoris ranging from 
2 to 7.2 centimeters in length and averaging 
about 3 to 4 centimeters. The postoperative 
regression has not been observed closely. In 
some cases an appreciable decrease in size has 
been recorded. 

6. Other symptoms: Masculine habitus 
and muscular development, loss of female fat 
distribution, acne, and thickening of the skin 
are frequently noted and mentioned in both 
groups of tumors. Rare cases of pseudoher- 
maphroditism, vaginal atresia, infantile uterus 
and adnexa occur. 
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The prominent masculinizing symptoms of 
the lipoid cell tumors correspond to the above 
distribution: amenorrhea was present in all 
cases except one which was complicated by 
other hormonal imbalance; hirsutism, 100 per 
cent; voice change, 90 per cent; hypertrophy 
of clitoris, 72 per cent; atrophy of breasts, 
50° per cent. 

Other clinical data. Some writers have 
stressed the clinical similarity between adrenal 
rest tumors of the ovary and of adrenal cor- 
tical adenomas, hyperplasia, or carcinoma. 
They would distinguish masculinovoblastoma 
from arrhenoblastoma on the basis of certain 
metabolic changes. The presence of moderate 
polycythemia in 5 cases of masculinovoblas- 
toma has been recorded, some of these associ- 
ated with bluish complexions. One case of 
arrhenoblastoma was diagnosed Cushing’s dis- 
ease. It is not remarkable that these findings 
are present, in view of the interdependence of 
the pituitary, adrenal, ovaries, and other 
endocrine glands. 

Dorfman, Wilson, and Peters maintain that 
cortical tumors appear to resemble in all re- 
spects arrhenoblastoma and to secrete male 
sex hormone or an allied substance with the 
same action. They state, however, that pa- 
tients with cortical tumors may, in addition, 
have hypertension and diabetes. 

In the present series it is found that hyper- 
tension is correlated more obviously with age 
than with the type of tumor present. Com- 
parison of the blood pressure in the two groups 
shows that only 2 of 9 cases of masculinizing 
lipoid cell tumors had a blood pressure over 
140/90, while 8 of 20 cases of arrhenoblastoma 
had a blood pressure of 140/90 or above. Of 
the latter group the average age was 47 
years. 

Furthermore, diabetic tendencies are not 
found exclusively in the lipoid cell group. One 
case of arrhenoblastoma had _ glycosuria; 
another case had elevated blood sugar; and 5 
of 6 showed diabetic tendency with the glucose 
tolerance test. An elevated blood sugar was 
recorded in none of the cases of masculinovo- 
blastoma, but the glucose tolerance test in 1 
case showed a diabetic curve (Fig. 2). A tran- 
sient glycosuria may be found in both groups 
of tumors. 
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Generalization as to metabolic effects can- 
not be made with the data available and 
should be deferred until more evidence is at 
hand. 

Other glands may be involved. Hyperplasia 
of the adrenal glands, a pituitary cyst, and en- 
larged thyroid glands have been associated 
with the presence of arrhenoblastoma. The 
basal metabolic rate varied in the arrheno- 
blastoma group from — 16 to +24; 6 were be- 
low normal, averaging —13, and 5 above 
normal, averaging +24. The basal metabolic 
rate was recorded in 3 cases of masculinovo- 
blastoma: —7, +19, +39. 

Improvement and recurrence. All of the cases 
show regression of symptoms except those 
which ultimately prove fatal. Ten to 14 per 
cent of cases of arrhenoblastoma have shown 
metastases, and 2 in 17 cases of masculinovo- 
blastoma. 

Malignancy may be suspected clinically in 
the presence of a rapidly growing tumor, 
ascites or hydrothorax or both, loss of weight, 
or return of symptoms postoperatively after 
the first period of initial improvement. The 
prognosis cannot be determined from the 
histological appearance of the primary tumor. 
Indeed, the metastatic lesions may vary 
widely and may not resemble the original 
mass. Usually the metastatic lesions are sar- 
comatous in pattern and may be nonincretory, 
thus creating some confusion in clinical evalu- 
ation of the symptoms unless a careful past 
history is obtained (Figs. 4, 5, 14, 15K). 


MORPHOLOGY 


1. The masculinovoblastoma is a well encap- 
sulated, round or oval tumor, 2 to 16 centi- 
meters in length, averaging 7.1 centimeters. 
Only 3 cases in the entire series were above 
average size. The cystic changes found in less 
than 25 per cent of the cases are correlated 
with size of tumor. The ovary is compressed 
to one side of the tumor or may be absent alto- 
gether. The yellowish-orange color is due to 
the presence of lipoids within the cytoplasm 
of large polyhedral cells. These cells tend to 
be arranged in columns within a very vascular 
delicate fibrous stroma. In some areas near 
the periphery of the tumor the cells may be 
clumped together. A fine reticulum is usually 
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present. Ponceau fuchsin stains may show 
fuchsinophile granules within the cytoplasm 
of some of the cells, supposedly indicating 
androgenic function. Some of the tumors 
show inclusions resembling granulosa cells, 
spindle-shaped sarcomatous cells, or theca 
cells. 

The variation in appearance of the tumors 
heretofore reported may be due to the quan- 
tity, distribution, and type of fat present. 

2. The arrhenoblastoma averages 12 to 14 
centimeters in its greatest dimension, the cases 
ranging from 2.5 centimeters to an indeter- 
minate size (“‘fills pelvis,” “large as a man’s 
head,” etc.). Thirty per cent of the cases are 
above average size and most of these show 
cystic changes. The tumor may be white or 
yellow, or show hemorrhagic necrotic areas. 

a. The adenoma tubulare (testiculare) is 
said to be the most differentiated form. This 
tumor is composed of round tubular or gland- 
like structures of varying size, often filled 
with pink-staining homogeneous material. 
The epithelium may be cuboidal or columnar, 
and there is no marked resemblance to testic- 
ular tubules. Some cases reported as struma 
ovarii bear a striking histologic similarity to 
this type of arrhenoblastoma. When spindle- 
shaped cells and interstitial cells are found 
interspersed with the tubular structures, some 
masculinization may occur. 

b. The intermediate form contains varying 
proportions of the sarcomatous cells and inter- 
stitial cells. Gradations between the two are 
seen and abortive attempts at tubule forma- 
tion are frequent. This type is invariably 
associated with masculinization. 

c. The least differentiated type exhibits 
a sarcomatous pattern resembling ovarian 
stroma in which are found clumps or columns 
of polyhedral cells similar to those compris- 
ing the masculinovoblastoma. There is very 
little tubule formation. Masculinization is 
found in 100 per cent of these cases. 

In a small percentage of cases of arrheno- 
blastoma various teratomatous inclusions 
have been found: mucous membrane, carti- 
lage, bone, thyroid (adenoma tubulare?), etc. 
These inclusions have formed the basis for 
theories as to the teratomatous derivation of 
arrhenoblastoma. 
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HISTOGENESIS 

Present theories (86, 88) attribute the 
origin of arrhenoblastoma to certain undiffer- 
entiated male directed cells in the rete ovarii, 
the female homologue of the testis. Mascu- 
linovoblastomas are thought by most workers 
to represent adrenal rests (97); by some, 
tumors of lutein cells (45). 

A histogenetic relationship between the two 
tumors is suggested by Case 3, in which ad- 
renal-like tissue (tumor nodule B) was found 
associated with typical arrhenoblastoma (tu- 
mor nodule A). That these 2 masses are varia- 
tions of one tumor is evidenced by the follow- 
ing facts: 

1. The striking superficial resemblance of 
the interstitial cells of the arrhenoblastoma to 
those comprising the adrenal-like tissue. 

2. The presence of sarcomatous cells and 
polyhedral cells in other tumor nodules in 
various proportions. Transitions between the 
two types of cells are seen. 

3. At operation one metastasis was seen 
which proved to contain masses of lipoid cells, 
tubular elements, and spindle cells, so that 
both ‘‘primary tumors”’ were represented in 
the one metastasis. 

4. Finally, cytological studies showed the 
cells comprising tumor nodule B and those 
termed “‘interstitial cells” in the arrheno- 
blastoma to be identical (Table III). 

It is of interest that Haffner mentions large 
masses of interstitial cells in his case of ar- 
rhenoblastoma (Table I, Case 6). 

If a relationship between these two nodules 
actually exists, it may be asked how one tumor 
can be derived from two cell rests. The pre- 
existing confusion concerning the masculin- 
izing ovarian tumors may justify a reconsider- 
ation of the available morphological, clinical, 
experimental, and embryological evidence for 
the present theories of histogenesis and a 
search for a common ancestor for the two 
types of tumor. 

a. Evidence for “‘adrenal rest’’ theory. The 
term ‘‘adrenal rest”’ is not without reasonable 
basis (83). It is conceivable that these cells 
may be accidentally misplaced in the neigh- 
boring gonads during the course of their em- 
bryonic descent into the pelvis from their 
position near the mesonephros (4, 45, 86, 88). 


/ 
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TABLE III.—CYTOLOGICAL STUDIES: A COMPARISON OF CELLS OF ADRENAL, TESTIS, AND 
OVARY WITH THOSE COMPRISING VARIOUS MASCULINIZING OVARIAN TUMORS 





Tissue 


Size cell 
(microns) 


Size 
nucelus 
(microns) 


Glycogen 


Fat (Schar- 
lach red) 


Birefringence 


eae 
fuchsin 
stain 


Reticulum 


Hematoxylin and eosin stain 





Case 3: Cells 
comprising 
yellow nodule 


Largest: 
53-9X23.4 

Average: 
19.1X17.7 


29.2X13.1 


6.9x6.2 


Large and 
small drop- 
lets; fine 
droplets in 
stroma 


Fine crystals 


some extra- 
cellular 


Fine fibrils 
circum- 
scribing 
cells 


“Androgen 
cells” seen? 


Cell membrane distinct in less con- 
centrated areas; cytoplasm foamy 
or granular; clear nuclear mem- 
brane; 1 or 2 eccentric nucleoli; 
granular or coarse eccentric 
nucleus 





Case 3: ‘‘Inter- 
stitial 
cells” in 
white mass 


19.0X17.0 


Large and 
small drop- 
lets 


Same 


Same 


Same; less variation 





Case 3: 
Spindle cells 
in white mass 


12.3X5.4 


Fine drop- 
lets: occa- 
sional 
larger 
clumps 


Rare, 


granular 


Good reti- 
culum 


Cell borders not distinct; watery 
nuclei, elongated, 1-3 nucleoli 
varying with size of cell; nuclear 
membrane distinct 








Cells compris- 
ing masculin 
ovoblastoma 


( ‘ells from 
luteinoma 


Testis: inter- 
stitial cell of 
Leydig 


“Ac irenal: 
cortical 
cells 


Corpus luteum: 
lutein cells 


I1.5x7.7 to 
IQXI5.4 

Average: 
17.0X14.3 


21.0x21 


15.4X13.1 


8.47%7.7 


Large quan- 
tities of 
intracyto- 
plasmic 
and extra- 
cellular 





Scarce; large 
and small 
droplets in 
Leydig cells 





9.24x9.3 to 
23.4X17 
Average: 


5-39X3-9 


Packed in_ 
zona fascic 
ulata 


Early; fine 
droplets 

Late:marke« 
accumula- 
tion 


Frequent, 
fine and 
acicular; 
few large 
clumps 


None 


Many large 
clumps 
crystals in 
zona fas- 
ciculat: uta 


None 


Very fine 
and light 
reticulum 


No androgen 
cells seen 


No reaction 


No androgen 
cells seen 


Few strands 
in outer 
cortex 


None 


Scarce 
reticulum 





Corpus luteum: 
paralutein 
cells 


Ovary: para- 
lutein stromal 
cells 





17.7X10.3 





11.5x0.2 





Tiny drop- 
lets in 
vascular 
regions 


Occasional 
accumu- 
lation 
about 
blood 
vessels in 
trabe- 


All phases: 
marked 
accumula- 
tion, large 
and small 
droplets 


Fine droplets 








culae 


Fine promi- 
nent fibrils 


No androgen 
cells seen 


Uniform: cytoplasmic outline dis- 
tinct when large amounts of fat 
present; prominent nuclear mem- 
brane: 1-2 eccentric nucleoli in 
coarse round nucleus 

Cytoplasm granular; cells uniform: 
some distinct nuclear membrane; 
eccentric nucleolus in round or 
oval nucleus 





Cytoplasm foamy or granular, 
containing brownish pigment; 
nucleus fairly compact, slightly 
oval; chromatin finely dispersed; 
frequent eccentric nucleolus 

Morphology varies with position; 
nuclei vary; wrinkled but distinct 
nuclear membrane; indistinct 
small nucleolus; granular clumps 
of chromatin, or watery nucleus 

Cell ‘outlines indistinct; distinct 
nuclear membrane; watery 
nucleus; sparse chromatin; 

1-2 nucleoli 





Cytoplasm eosinophilic, foamy or 
granular; polyhedral, moderately 
well defined cell membrane; 
eccentric or central nucleolus in 
granular nucleus 





Good reti- 
culum 











Spindle shaped; cytoplasm indis 
tinct; large elongated nucleus; 
1-3 nucleoli; coarse clumps 
chromatin 





Certainly if they occur in the eye (58) and 
epididymis (36), they may occur in the ovary. 
Moreover, morphological evidence supports 
the adrenal rest theory in that these tumors 
bear more than a superficial resemblance to 
the zona fasciculata of the adrenal cortex, both 
in their tendency to line up in columns and 
their fat content. 

Further evidence is given by Greenblatt and 
associates, who compare the lipoids in adrenal 
rest, arrhenoblastoma, and other tumors to 


the adrenal and corpus luteum. Differential 
studies of fat content of the masculinovo- 
blastoma group revealed the cells comprising 
these tumors to be more similar to those of the 
adrenal cortex and of adrenal cortical adeno- 
mas than to those of the corpus luteum. 

In our studies (Table III) the lutein cells 
were found to be more or less uhiform and 
static. They resembled neither the adrenal 
cortex, masculinovoblastoma, nor interstitial 
cells of the arrhenoblastoma. Furthermore, 
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we found little similarity between the latter 
cells and the Leydig cells of the testis. 

In these and other respects our findings 
agree essentially with those of Greenblatt, 
with the exception that all of the arrheno- 
blastomas studied by us had minute fat drop- 
lets in the cytoplasm of the sarcomatous cells. 

[f the choice for the histogenetic relative of 
the masculinovoblastoma lay between the ad- 
renal rest and the corpus luteum only, the ad- 
renal should be chosen, not only on the basis 
of fat content, but also on the basis of cyto- 
plasmic and nuclear similarities. 

b. Evidence for ovarian origin of masculiniz- 
ing tumors. 

1. Morphological: Our cytological studies 
pointed very definitely to the striking simi- 
larity between the paralutein (or theca lutein) 
cells of the corpus luteum, the interstitial cells 
of the arrhenoblastoma, and the cells com- 
prising the tumor nodule B of Case 3. The 
presence of doubly refractile crystals in theca 
lutein or paralutein cells, the abundance of 
neutral fats, the reticulum, and the glycogen 
distribution justify the assumption of its po- 
tentialities as a factor in the histogenesis of 
“lipoid cell tumors” of the ovary. 

The presence of glycogen and fuchsinophile 
granules in the adrenal gland (45, 8) and 
their occasional presence in tumors designated 
as masculinovoblastomas have contributed to 
the theory that the two tissues are related. 
However, both of these substances are also 
found at the periphery of the corpus luteum 
in the paralutein cells. 

Reticulum studies may be of help in the 
future in differentiating between tumors of 
thecal origin and those of adrenal origin (112) 
since the theca cells about the follicle and their 
luteinized cousins around the corpus luteum 
both contain a more striking reticulum than 
the adrenal cortex. 

2. Functional: Culiner observed, ‘‘ The sim- 
ilarity of these [theca lutein] cells to the adre- 
nal cortex is remarkable and is probably not 
without significance.” Therefore, itis pertinent 
to determine the functional basis for the in- 
crimination of theca lutein cells in the histo- 
genesis of masculinovoblastoma. 

_ This relationship was suggested by Novak 
in 1940 (86): “‘The endocrine significance of 
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these theca lutein or paralutein cells is not 
known, but their appearance would seem to 
leave little doubt that they play an endocrine 
réle of some sort.”’ 

It is well known that preovulatory secretory 
changes can be recognized in the endometrium 
indicating a source of progesterone other than 
mature lutein cells of the corpus luteum. This 
finding is associated with the appearance of 
luteinized theca interna in the ovary. 

Furthermore, the androgenic effect of pro- 
gesterone has been demonstrated (51, 99) by 
the fact that progesterone, when given to cas- 
trated male rats, will maintain the prostate, 
and, when given to the immature female in 
large doses, will cause clitoral hypertrophy. 

In recent years evidence has accumulated 
for the presence of other androgenic substances 
in the ovary and the involvement of the para- 
lutein or theca lutein cells in their produc- 
tion (26). Greene, Burrill, and Ivy (51) have 
shown that APL will stimulate clitoral hy- 
pertrophy in the guinea pig, as well as the 
rat, an effect not obtained when the ovaries 
are removed. Greene (99) has shown that 
APL at the same time produces increased 
numbers of interstitial cells (luteinized theca 
cells) in the mouse ovary and causes a marked 
growth of the clitoris. Ovaries transplanted 
to the ears of male rats will maintain the 
prostate and seminal vesicles for a variable 
period of time. 

Therefore morphological similarities of the 
paralutein cell to the adrenal cortex and to the 
interstitial cells of Leydig (more superficial in 
the latter case) are supported by experimental 
evidence that androgens are produced in the 
ovary and more specifically by the paralutein 
or theca lutein cells. 

3. Chemical: The correlation is further 
strengthened by chemical tests which show a 
rise in phospholipids and cholesterol esters in 
ovaries during the middle part of the cycle 
when luteinization of theca interna and forma- 
tion of theca lutein cells is taking place (112). 
Not only is a higher concentration of these 
substances found in the incretory group of 
ovarian tumors than in the nonincretory 
group, but a further increase was found asso- 
ciated with luteinization of granulosa or theca 
cell tumor (57). This corresponds to our 
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polariscopic studies which demonstrate bi- 
refractile substances, not only in the adrenal 
cortex, but also in luteinized theca cell tumors, 
‘interstitial cells” of the arrhenoblastoma, 
masculinovoblastoma, and the theca lutein 
cells around the corpus luteum. 

4. Clinical: There is abundant clinical evi- 
dence that the recently discovered androgenic 
action of the ovary is directly related to the 
presence of theca lutein or paralutein cells. 
Stein and associates, in 1935 and 1939 de- 
scribed the presence of luteinized theca interna 
of multifollicular cysts in 28 cases of amenor- 
rhea (106, 107). 

Other instances are recorded, including 
Turner’s case in which multiple cystic ovaries 
were found in a case of hirsutism and amenor- 
rhea (114). The symptoms regressed when 
the ovaries were partially resected. The ova- 
ries showed luteinization of the theca interna 
and some luteinization of the ovarian stroma. 

In the case of Saphir and Parker, previously 
classified as masculinovoblastoma (Table II), 
the virilizing symptoms were associated not 
with tumor but with luteinized follicles and 
an accumulation of cells resembling theca 
lutein cells. That these changes are due to 
luteinization, and not to fatty degeneration, 
can be adequately determined by Traut, 
Kuder, and Cadden’s criteria of (a) well de- 
fined nucleus, (b) size of ceil, (c) enlargement 
and fragmentation of Golgi bodies, (d) short- 
ening and disappearance of rods (112). 

Reis and Saphir’s case, also classified as 
**adrenal rest,”’ (Table II), contained a tumor- 
like nodule 2.9 centimeters in diameter, which 
was thought to be corpus luteum. ‘In one 
corner, however, there was an accumulation 
of very lightly stained cells. These were 
definitely smaller than the cells making up the 
corpus luteum and had an eccentrically situ- 
ated vesicular nucleus. Some of the cells 
showed an empty cytoplasm, while in others 
the cytoplasm was light pink. They differ 
morphologically from lutein cells, although it 
is possible that these cells are lutein cells” 
(or theca lutein?). 

Case 1 of Rottino and McGrath (Table I1) 
had a recurrence of hirsutism and amenorrhea 
4 years after the removal of the tumor. The 
opposite ovary was shown to contain 8 thin 


walled theca lutein cysts. It is curious that 
the original masculinizing symptoms should 
be caused by “‘adrenal cortical cells” and the 
recurrence of symptoms by cells of ovarian 
origin. 

The evidence for the identity of ‘virilizing 
lipoid cells” with theca lutein cells may be 
strengthened by the examination of plates and 
reading the descriptions of other cases of 
masculinovoblastoma. 

It has been shown that the tumors of the ar- 
rhenoblastomaand masculinovoblastoma types 
contain cells which morphologically resemble 
the paralutein cells or the theca lutein cells of 
the normal ovary as much as they resemble 
adrenal cortical cells; experimental evidence 
has been cited to show that these cells are 
capable of producing androgens. It has been 
shown that masculinization without tumor 
formation is associated with accumulations of 
these cells, and masculinization with tumor 
formation is associated with cells that in all 
respects are similar to theca lutein cells. 

5. Embryological and developmental: a. 
Granulosa and theca interna cells are derived 
from the primitive ovarian mesenchyme in the 
embryo. Tubular structures are seen in both 
female and male gonads below 15 millimeters 
(4, 41, 85). 

The ovary is derived from the proliferation 
of celomic epithelium just anterior to the 
mesonephros. At about 5 millimeters the em- 
bryonic gonad consists of a surface layer of 
superficial cells and of mesenchyme in which 
begin to appear radially arranged cell cords. 
The connective tissue surrounding the cell 
cords is derived from the mesenchyme. Re- 
cent evidence points also to the derivation of 
the cell cords from the mesenchyme, rather 
than from invagination of the surface epi- 
thelium, as was formerly supposed (41). Up 
to about 15 millimeters the male and female 
gonads are quite similar, although their even- 
tual sex differentiation has long been prede- 
termined (85). After this indifferent stage, 
the cell cords in the males form the tubular 
system of the testis, and those of the female 
give way to the follicle (granulosa and theca 
interna cells). Novak (88) agrees that the 
theca cells come from the ovarian mesenchy- 
me. 
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b. In the adult ovary, theca lutein or para- 
lutein cells are normally derived from (1) lute- 
inization of theca interna of the maturing fol- 
licle and subsequent continuation of this 
process as the corpus luteum is formed, and 
(2) from ovarian stroma. 

It has been shown that the “‘interstitial 
cell” (theca lutein) is differentiated from the 
stroma in lower animals and luteinization of 
ovarian stroma can occur in adult female 
ovaries, producing similar appearing cells. 
Greenblatt also identifies the interstitial cells 
of the stroma with theca lutein cells (49). In 
Rottino and McGrath’s case (98) this finding 
was associated with hirsutism and amenor- 
rhea, which further demonstrates the andro- 
genic action of these lipoid cells, whether dif- 
ferentiated from stroma or from theca interna 
already present. 

Culiner’s excellent descriptions (26) also 
show the concomitant differentiation of stroma 
cells and luteinization of the theca interna. 
In fact, sometimes the latter merges with the 
stroma, producing isolated islands of theca 
lutein cells which are seen grossly as yellow 
specks on the cut surface. 

c. Ovarian tumors containing tubular 
structures and lipoid cells may be produced 
by the radiation of mouse ovaries. 

Traut and Butterworth (111) show the de- 
velopment of granulosa cell tumors and lute- 
omas by this means. Geist, Gaines, and 
Pollack’s descriptions up to the point of tumor 
formation correspond with Culiner’s observa- 
tion in the human (39). First the follicle is 
destroyed; this is followed by proliferation of 
the theca, which merges with surrounding 
parenchyma; the stroma cells increase in size, 
become round, and separate in groups or 
cords (compare arrangement of “adrenal rest 
tumor”’); luteinization of the theca cells and 
differentiation of parenchymal cells follows. 
It is int¢resting that the corpora lutea are well 
— throughout, a finding which justifies 
its rejection as a potential factor in tumor 
production. 

After 6 months 2 types of tumors are 
formed: the luteinized functional tumor and 
the nonfunctioning adenoma caused by in- 
vagination of the surface epithelium. Mix- 
tures of both types occur. 


c. Previous problems leading to confusion in 
literature. The histopathology of the various 
functional tumors is better understood if tue 
above findings showing the relation between 
them and the ovary are accepted. The follow- 
ing observations which have previously com- 
plicated the histogenetic classification of mas- 
culinizing ovarian tumors may be explained: 

1. The sarcomatous appearance and the 
spindle cells which comprise the more un- 
differentiated type, not only of arrhenoblas- 
toma, but also of granulosa and theca cell 
tumors. 

2. The gradation of spindle cells to inter- 
stitial cells in the arrhenoblastoma. 

3. The oft quoted “enigma” that the most 
differentiated type of arrhenoblastoma, the 
adenoma tubulare, has no masculinizing effect, 
while the least differentiated has the most 
masculinizing effect. We agree with Norris 
that the adenoma tubulare does not resemble 
testis. If present embryological and experi- 
mental evidence be applied to this group, the 
tubules may represent simply a nonfunction- 
ing adenoma such as produced by Geist and 
associates, with no histogenetic connection to 
the testis or to the cells forming the functional 
part of the tumor; or the tubules in arrheno- 
blastoma may actually be a reflection of their 
primitive condition as sex cords, elements as 
characteristic of the female gonad as the male. 

It is impossible to grade the three types of 
arrhenoblastoma accurately; when this is 
attempted, there is seen to be no correlation 
between primitivity and degree of masculin- 
ity. In our opinion the androgens are pro- 
duced by the polyhedral cells in all forms of 
arrhenoblastoma, as well as masculinovo- 
blastoma, or by gradations between the primi- 
tive stroma and these cells. 

4. Difficulty in strict classification of the 
functional group of ovarian tumors. Grada- 
tions between all types are seen. Banner and 
Dockerty show that some granulosa cells:are 
included in their series of theca cell tumors. 
Novak says that the two groups no longer can 
be easily separated. He further states that 
partial or complete luteinization of granulosa 
cell tumors (and, more important, theca cell 
tumors) may occur to produce masculinizing 
lipoid cell tumors. 
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Such a patient was recently seen in this 
laboratory. In this case complete masculin- 
ization occurred in a 1g year old girl. The 
tumor was 7 centimeters in length, well cir- 
cumscribed, and bright orange. Microscopic- 
ally cylindroid strands of granulosa cells were 
noted, masses of theca cells, and the expected 
large percentage of lipoid cells (Fig. 15 J). 

Plate (94) and Mechler and Black review 
cases of gynandroblastoma which are merely 
arrhenoblastomas containing granulosa cells. 
Case 3 illustrates the completion of the cycle, 
the transition between arrhenoblastomas and 
masculinovoblastoma. 

The observations described are summarized 
in Figure 15, and the interrelationship of the 
functional group of ovarian tumors is shown. 


SUMMARY 


1. Three case reports of arrhenoblastoma 
are presented: 1 with a 1o year follow-up 
showing no recurrence; 1 with metastases to 
liver, appendix, tubes, and peritoneum, and a 
clinical picture of Meig’s syndrome; 1 which 
also contained adrenal-like tissue. 

2. Evidence is presented to show a possible 
relationship between arrhenoblastoma and 
“‘virilizing lipoid cell tumors” (masculinovo- 


blastoma, hypernephroma, adrenal rest) of 


the ovary. The case quoted demonstrates 
both types of tissue in intimate association, 
one metastasis with cells common to both 
tumors, and cytological studies identifying 
the cells of the adrenal-like tissue as the so 
called interstitial cells which are found in 
arrhenoblastomas. 

3. The total number of cases of arrheno- 
blastoma are reviewed, with a discussion of 
the outstanding clinical and pathologic fea- 
tures. These are compared to a similar out- 
line of the cases of masculinovoblastoma to 
show clinical similarities and dissimilarities. 
Data are presented to show the frequency of 
metabolic changes in arrhenoblastoma and 
masculinovoblastoma, previously considered 
to be a differential clinical feature. 

4. The histogenesis of the masculinovo- 
blastoma and arrhenoblastoma groups of 
ovarian tumors is discussed in detail. The em- 
bryology is reviewed to show that the ovary is 
capable of producing both types of tumor. 
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Morphological studies demonstrate the simi- 
larity between the polyhedral lipoid contain- 
ing cells in both types of tumor and the para- 
lutein or theca lutein cells of the normal ovary. 
Clinical, functional, and experimental evi- 
dence is cited to support this relationship. It 
is concluded that theca lutein or paralutein 
cells are directly related histogenetically to 
both groups of masculinizing tumors. This 
obviates the necessity of the adrenal rest 
theory as an explanation of the histogenesis 
of masculinovoblastoma or “‘virilizing lipoid 
cell tumor.” 

5. It is suggested that the cells comprising 
arrhenoblastoma are related as follows to 
ovarian structures: the spindle cells, forming 
tumors of sarcomatous pattern, represent 
totipotential ovarian stroma; the tubular 
structures are related to invaginated surface 
epithelium or to primitive sex cords of the fe- 
male gonad; the ‘“‘interstitial cell of Leydig” 
in arrhenoblastoma simulates the paralutein 
or theca lutein cell. The virilizing lipoid cell 
tumor in its pure form may represent a neo- 
plasm of luteinized theca interna cells or of 
paralutein cells and morphologically is more 
properly termed “‘paraluteinome.” All types 
of functional tumors probably originate from 
undifferentiated mesenchyme. 

6. A diagram illustrating the interrelation- 
ship of functioning ovarian tumors is pre- 
sented. 
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THE TECHNIQUE OF THYROIDECTOMY 
ALFRED H. NOEHREN, A.B., M.D., F.A.C.S., Buffalo, New York 


URING many years of experience 
with thyroidectomy, we have con- 
stantly made changes in our tech- 
nique. For this reason a description 

of our present technique, accompanied by the 
reasons for its various steps, may be of interest. 
We claim no originality for any of our steps, 
as most of them are the result of trial and error 
after observation of other surgeons in various 
clinics of the world. ° 

Teamwork is especially important in this 
operation. Our team, consisting of surgeon, 
assistant surgeon, anesthetist, and instrument 
nurse, has remained almost intact for many 
years. Our internes and residents get their 
experience as second assistants. To have a 
well trained and experienced assistant surgeon 
is like having an extra pair of hands because 
they act and anticipate your wants as though 
they were being directed by your own brain. 
A competent anesthetist who takes an interest 
in thyroid cases and becomes familiar with 
each patient before operation makes it possible 
for the surgeon to dismiss from his mind any 
concern about the patient’s condition unless 
warned by the anesthetist. We depend almost 
entirely on the judgment of the anesthetist as 
to whether to do a one stage or two stage oper- 
ation. An instrument nurse of your own, who 
assists at all operations, looks after the prepa- 
rations in the operating room, sees that the 
proper instrument or suture is ready when 
wanted, relieves the surgeon of much anxiety 
and allows him to keep his eyes focused on 
the wound at all times. The instruments, too, 
should be the private property of the surgeon, 
should be uniform, should not be used for any 
other operation, and should be kept in good 
working condition. For hemostasis, we use the 
Rankin hemostats throughout. 

Our anesthetic of choice is cyclopropane. 
In patients with heart disturbance, especially 
those that are fibrillating, ether and oxygen, 


From the Surgical Service of the Deaconess Hospital, Buffalo, 
N. Y., and the Surgical Department of the University of Buffalo 
Medical School. 


pentothal intravenously, or local anesthesia is 
used. When there are pressure symptoms, 
especially respiratory difficulties, an intra- 
tracheal tube is introduced, either through the 
nose or by direct laryngoscopy through the 
mouth. 

Only the immediate preoperative and post- 
operative treatment will be described in this 
paper. The night before operation the patient 
is given an average dose of 3 grains of luminal. 
This is repeated 3 hours before the operation. 
A hypodermic of morphine, grain '%, and 
atropine, grain '/1s0, is given 14 hour before 
operation. The patient is visited by the sur- 
geon on the latter’s arrival at the hospital on 
the day of operation to be sure no contraindi- 
cation to operation has developed. No other 
visitors are allowed, the room is left dark, and 
the patient is not disturbed. All preparations 
are made the day before operation. The pa- 
tient is preferably given a room on the same 
floor as the operating room and at the ap- 
pointed time is placed directly on the operat- 
ing table in her room and transported to the 
operating room as gently as possible. 

The operating room is prepared and the 
anesthetist and surgeons are ready before the 
arrival of the patient. When the patient 
arrives, she is immediately, though without 
haste, anesthetized, to prevent her from seeing 
much of the operating room or hearing any of 
its noises. There should be no unnecessary 
noise or talking in the operating room. 

As soon as the patient is unconscious, her 
arms are fastened to the sides of her body by 
winding the drawsheet around them, a sand- 
bag is placed under her shoulders to hyper- 
extend the head and push the thyroid forward, 
the upper half of the table is raised about 30 
degrees and the ether screen placed in posi- 
tion (Fig. 1). The operative area is then 
wiped with ether to remove all fat and sebace- 
ous material from the skin and this is followed 
by a not too wet application of half strength 
tincture of iodine. We have never seen any 
reason for changing to any other antiseptic. 
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Fig. 1. Position of patient on table. 


Serious blistering of the skin almost never oc- 
curs and infection of the wound is almost un- 
known, about twice in the last thousand cases. 

We have tried to make the draping of the 
patient simple, without moving any part of 
the patient or using special sheets, but never- 
theless efficient, and we believe we have suc- 
ceeded. A crumpled sterile towel is placed in 
the hollow on each side of the neck. A towel 
is placed across the upper part of the chest and 
still another placed a little higher over this, its 
upper edge kept taut and fastened on each 
side of the neck to the crumpled towel and the 
skin near the upper edge of the operative area 
with a towel clip and then turned up and fas- 
tened to the ether screen with another towel 
clip on each end. Folded towels are placed 
diagonally over each side of the neck, overlap- 
ping below in the midline. A laparotomy sheet 
is placed over the patient with the operative 
area appearing in the opening. Finally, several 
crumpled sponges are tucked into any po- 
tential openings on each side to cover them 
and to anchor the draping into position (Fig. 
2, a, b, c, and d). 

The incision is outlined with the back of the 
knife about 1 inch above the suprasternal 
notch and parallel to the folds of the neck. 
Thus it is made slightly curved with the con- 
vexity downward. Whenever there is much 
protuberance of the skin caused by the under- 
lying goiter, the ir ision is placed correspond- 
ingly higher so that after the goiter is removed 
it is still about 1 inch above the suprasternal 
notch where it can easily be covered by a 
string of beads until it fades and becomes al- 
most invisible. A scar that lies on the sternum 
is very unsightly and difficult to cover. 


The incision is made through the skin, sub- 
cutaneous tissue, and platysma to the plane of 
cleavage just above the cervical fascia, avoid- 
ing the anterior and external jugular veins 
that lie on this fascia. If they are injured, they 
are easily clamped and tied, preferably with a 
surrounding suture, but usually they are not 
injured. 

The upper flap is then developed partly by 
sharp dissection and partly by gently wiping 
it upward witha sponge. This latter maneuver 
saves time and locates the bleeding points 
more definitely, thus saving the number of 
hemostats used. The lower flap is similarly 
prepared. All bleeding points are tied with 
No. ooo chromicized catgut, A towel is 
attached to the edge of the lower flap to cover 
the skin and the flaps held apart by a self- 
retaining Crotti retractor (Fig. 2, e and f). 

We use chromicized catgut throughout. We 
are well aware of the arguments in favor of 
nonabsorbable suture material, but feel that 
by using very fine catgut, No. ooo for super- 
ficial ties, No. 00 for the rest of the operation, 
we do not cause much more irritation than is 
caused by nonabsorbable material and with- 
out the risk of sinus formation, such as we have 
observed when the latter was used. It is true 
that these fine ligatures break if too much 
force is used, but with practice the amount of 
tension allowed is soon learned and the occa- 
sional tear is taken philosophically as the 
price to be paid for using fine catgut. When 
such a ligature is once properly tied without 
tearing, it is just as secure as a silk or cotton 
tie. 

A short vertical incision is now made in the 
midline through the fascia down to the surface 
of the gland. After a scissors is inserted up- 
ward and downward in this plane and the 
tissues are separated from the gland, the in- 
cision is extended upward to the base of the 
upper flap and downward to the sternum. 

The right ribbon muscles are dissected from 
the gland and retracted with a Parker re- 
tractor. The right lobe is grasped with a 
Lahey forceps and gently pulled upward, at 
the same time it is gently separated from its 
surrounding tissues by inserting a finger. This 
latter must be done very carefully to avoid 
tearing the veins, especially the middle thy- 
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Fig. 2. Draping of patient. a, Crumpled towels placed at sides of neck. b, Towel A laid across 
chest; B clamped to skin and crumpled towels. c, Towels C and D placed. d, Laparotomy sheet 
placed; incision made. e, Edge of towel clipped to lower edge of incision. f, Free edge of towel E 


turned downward; retractor placed. 


roid vein. As soon as this vein appears, it is 
joubly clamped and divided. This vein 
emerges from the true fascia of the gland and 
by dividing it, the lobe is further liberated. 
If, on inserting the finger, the goiter is found 
to be very large, to extend into the chest or 
behind the trachea, or to be unusually ad- 
herent, it is not delivered until the ribbon 


muscles are divided. In such a case, the 
sternomastoid muscle is liberated by a di- 
agonal incision through its fascia at its an- 
terior border and retracted out of the way, 
after which the ribbon muscles are divided 
transversely between two Kocher clamps and 
held out of the way with Lahey forceps. This 
procedure we have found necessary in only 
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Fig. 3, left. Treatment of superior pole. 
Fig. 4. Pole divided, lobe delivered, row of clamps applied. 


about 10 per cent of our patients, but when 
any difficulty is expected the greater exposure 
obtained is an added safeguard. 

After the right lobe is delivered, the superior 
pole is prepared by traction downward of that 
part of the gland, retraction of surrounding 
tissues, and wiping away any extraneous tissue 

$ ° ; . 

with a ‘“‘wiper” (a small folded piece of gauze 
in a hemostat). Three hemostats are placed on 
the superior pole just above the gland and the 
pole divided between the lower two (Fig. 3). 
Thus the gland is further liberated and it is 
possible to hold it well over to the left, so that 
its entire lateral surface is exposed. In cases 
in which the lobe extends above the line of 
easy exposure or behind the trachea, the in- 
dividual vessels at the superior pole are 
clamped and divided, and the upper part of 
the lobe allowed to roll out. 

At this point it is necessary to decide how 
much of the lobe to leave behind. This de- 
pends upon the age of the patient, the type 
and toxicity of the goiter, and its conforma- 
tion. We aim to remove all adenomas com- 
pletely, even if they extend far back into the 
area where the recurrent nerve and parathy- 
roid glands are situated. But in this case the 
hemostats are placed so close to the tumor that 
the posterior capsule is left. In general, we 
leave a thin layer of gland tissue as well. 


Hemostats are placed along the line of con- 
templated incision and short cuts made above 
each hemostat (Fig. 4). The recurrent nerve 
is not visualized as a routine, but only when 
we think it is indicated. We believe that there 
is more danger of injuring the nerve when it is 
exposed by dissection than there is when its 
normal location is avoided. 

After the outer edge of the lobe is thus 
mobilized, the isthmus is divided between 
clamps and the remaining attachments of the 
right lobe are divided by placing hemostats on 
the median aspect close to the trachea and 
working to the right until the lobe is free. All 
vessels are tied with No. oo chromegut. At the 
superior pole, however, a suture is placed 
around the vessels above the two hemostats, 
tied, the upper hemostat removed, and another 
tie made around the lower hemostat. 

One side is completed before beginning the 
other side, so that the operation may be termi- 
nated at this point, if necessary. After all 
bleeding is controlled on the right side, a loose 
tampon is placed in the hollow left by the 
gland. Enough dissection is made of the left 
lobe to determine whether operation is neces- 
sary on that side. If so, the surgeon repeats 
the same performance on the left side. 

If there is difficulty in controlling the oozing 
from one of the stumps, the lateral border is 
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Fig. 5. Application of final dressing. 


sewed to the pretracheal fascia to fold the raw 
edge over on itself and thus control the oozing. 
If the field is dry, this procedure is not carried 
out because the raw area is eventually covered 
by the ribbon muscles and because there is a 
slight danger of pulling on the recurrent nerve, 
as indicated in a previous paper (1). 

The pillow under the shoulders is now re- 
moved and the cavity on each side irrigated 
with a normal saline solution. Thus blood 
clots are washed out, any residual bleeding is 
uncovered, and any possible infection is 
washed out or diluted. 

If the ribbon muscles have been divided 
transversely, they are sutured with a running 
lock stitch. The ribbon muscles are now 
brought together in the midline in two layers 
with a running suture, first taking in the mus- 
cles only and returning as a fascial suture. 
This makes a good covering for the thyroid 
stumps and also for the exposed trachea, pre- 
venting attachment of the overlying tissues. 

The incision in the skin and platysma is 
closed with Michel clamps, care being taken 
to evert the edges so that the divided edges of 
the platysma muscle are closely approximated 
and good healing takes place. If this does not 
occur, the platysma tends to pull the scar 
apart and widen it. We have found by ex- 


perience that Michel clamps alone cause bet- 
ter healing and a finer scar than sewing the 
tissues in various layers, besides saving con- 
siderable time. 

A fairly large dressing is placed over the 
wound and held in place by a long wide strip 
of adhesive plaster going around the neck and 
crossing over the dressing in front. Shorter 
strips of adhesive are placed over the upper 
and lower borders of the dressing (Fig. 5). 

We seldom drain the wounds, even in large 
intrathoracic goiters. We find that the cavi- 
ties left are quickly eliminated by pressure 
from the surrounding tissues. Occasionally 
we encounter collections of serum under the 
skin, but these can easily be aspirated. The 
exceptions are cases of uncontrollable oozing 
or of known or suspected infection. This belief 
has been a gradual process until we are con- 
vinced that the placing of a drain is not only 
unnecessary but sometimes even invites in- 
fection and prevents a perfect scar. 

In bad risk cases, the operation is done in 
several stages. In such cases we may merely 
make the incision or may do one side only. 
Whenever we are in doubt as to the advisa- 
bility of continuing the operation, we always 
play safe and terminate the operation. Thus 
an opportunity is given to gauge the reaction 
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of the patient. At the subsequent operation, 
the incision is quickly and easily opened and 
the operation completed. However, we find it 
necessary to do stage operations in only about 
5 per cent of all thyroidectomies. This we 
attribute to better preoperative preparation. 

A word about intrathoracic goiters. It is 
very easy to miss even a large downward ex- 
tension of an adenomatous goiter. We have 
missed some and have operated upon a con- 
siderable number left by other surgeons. This 
possibility should be thoroughly investigated 
in every case. 

As all the circulation of the intrathoracic 
portion comes from the regular supply of the 
thyroid, this should be controlled first. The 
finger is then gently inserted and swept 
around the tumor. Care must be taken to be 
in the correct plane of cleavage. Fortunately 
there are seldom any dense adhesions to the 
surrounding tissues and we have never had 
any trouble from that source. The tumor is 
now slowly delivered by traction from above 
and pressure of the finger below. The finger is 
better than an instrument because it is more 
easily guided and kept in the right place. If 
the tumor is too large to be delivered in this 
way, an incision is made in the presenting part 
of the tumor and its contents, usually colloid 
in character, partly expressed. This procedure 
decreases its size so that it can easily be de- 
livered. Its pedicle is then clamped and di- 
vided and the tumor removed. 

We no longer aim at high speed in operating, 
but rather to operate gently without any lost 


motion or unnecessary delays. In this way we 
operate more safely and almost as fast as when 
we try to speed up the operation. 

The patient is returned to her room, placed 
in a semi-sitting position for a few hours, and 
given enough morphine to control restlessness. 
Water by mouth is encouraged from the start 
and usually no intravenous fluids are given. 
If patients are prepared properly, especially if 
they are given plenty of water and fruit juices 
preoperatively, intravenous therapy is seldom 
necessary. The patient is kept as quiet as 
possible with a minimum of fussing. These 
patients usually get along better on floor serv- 
ice supervised by nurses experienced in thy- 
roid patients than by entrusting them to 
inexperienced or meddlesome special nurses. 

The initial bulky dressing is changed to a 
very light one on the day after operation. One- 
half the clips are removed on the second day 
and the rest on the third day. Most patients 
get out of bed on the fourth day and leave the 
hospital on the fifth day. 

Our mortality under this regimen has been 
1.2 per cent in our last 1,000 cases. We have 
had no cases of tetany and no bilateral nerve 
injuries in these 1,000 cases. With modern 
methods of preparing iodine-resistant bad risk 
patients with one of the thiouracil group of 
drugs or even of curing some of them without 
operation, we hope still further to reduce our 
mortality. 
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RESECTION OF THE CLAVICLE 


With Particular Reference to the Use of Bone Chips 


in the Periosteal Bed 


HARRIS B. SHUMACKER, Jr., M.D., New Haven, Connecticut 


N order to provide adequate exposure of 
the subclavian and innominate vessels, 
particularly in operations upon aneurysms 

* and arteriovenous fistulas, resection of a 
yrtion of the clavicle is often necessary. I do 
)t know who first employed this procedure. 
‘ertainly Cooper in 1859 resected the sternal 
end of the clavicle and a part of the manu- 
rium in approaching an aneurysm involving 
the bifurcation of the innominate, as did 
Burrell in 1895. In 1892 Halsted excised the 
inner third of the clavicle in extirpating a 
large subclavioaxillary aneurysm. Before 1886 
Bardenhauer had utilized resection of the in- 
ner portion of the clavicle and a part of the 
manubrium and of the first two ribs in operat- 
ing for a number of conditions, including one 
case in which a tumor involved the first por- 
tion of the left subclavian vessels. Through 
the years it has become increasingly apparent 
that added safety could be secured in such 
cases by removal of some of the bony struc- 
tures overlying the great vessels. 

The manner in which the bony defect has 
been handled has varied. In many of the 
early cases the excised portion of clavicle was 
not replaced. Some surgeons have reinserted 
the bone and fixed it im situ by approximating 
it to the remaining bone with wire or other 
sutures. The replacement and fixation with 
sutures of the resected segment of clavicle is 
subject to many difficulties. Proper immobil- 
ization is often not secured and painful non- 
unions and malunions occur so commonly as 
to make the procedure eminently unsatisfac- 
tory. Holman recently pointed out that the 
results of subperiosteal resection and discard- 
ing of the segment are excellent. My experi- 
ence is in complete agreement (6). 


From the Vascular Center, Mayo General Hospital, Galesburg, 
Illinois, and The Johns Hopkins Hospital, Baltimore, Maryland. 


If the clavicular bed is carefully closed by 
approximating the periosteum, and if the pa- 
tient is kept flat in bed for 2 weeks with the 
shoulders held well back and is encouraged to 
spend a considerable part of the third week 
lying on his back, the results are most satis- 
factory. Firmness rapidly appears in the re- 
gion of the missing segment so that long be- 
fore any evidence of osseous regeneration is 
evident from roentgenological examination, 
one can hardly tell by palpation that a bony 
defect exists. Such patients have normal con- 
figuration of the chest and shoulders and 
normal movements of the upper extremities, 
and are entirely comfortable. 

In contrast, it has been my experience that 
replacement of the clavicle often has most un- 
satisfactory results. In a single instance in 
which I returned the segment to its bed and 
fixed it to the remaining ends of the clavicle 
with wire sutures, a painful nonunion occurred 
which was relieved only by excision of the seg- 
ment. A number of other patients who have 
come under my care after having undergone 
replacement of a portion of clavicle following 
excision during the course of operations for 
aneurysm have had difficulties such as painful 
nonunion or malunion, conspicuous displace- 
ment of fragments, osteomyelitis, and poor 
function. 

Satisfactory as are the results from discard- 
ing of the resected clavicle and accurate ap- 
proximation of the periosteal edges, it is evi- 
dent that in many cases regeneration of the 
bone is slow. Though most of the patients are 
asymptomatic prior to restoration of bony 
continuity, some have slight discomfort dur- 
ing heavy lifting and other vigorous exercise. 
Furthermore, it seemed desirable if it could be 
accomplished without significant risk or diffi- 
culty, to hasten the process of bony regenera- 
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a 


Fig. 1. Roentgenograms taken 3 weeks after operation 
in cases in which bone chips were placed in the periosteal 
bed. The bone chips are seen. Examination of the x-ray 


tion. With this in mind a small group of pa- 
tients were treated by filling the periosteal bed 
with bone chips secured from the excised seg- 
ment of clavicle. It is the purpose of this com- 
munication to draw attention to this pro- 
cedure. 

The operation was carried out upon 4 pa- 
tients. In 1 patient resection of the middle 
third of the clavicle was performed, while in 3, 
resection of the inner third or half of the clav- 
icle with disarticulation at the sternoclavic- 
ular joint was done. In 2 of the latter the 
sternum was split down to the second inter- 
space. One patient had an arteriovenous fis- 
tula of the third portion of the subclavian 
vessels, 1 a mediastinal fistula between the 
left subclavian artery and vein, 1 a fistula of 
the second portion of the right subclavian 
vessels, and 1 an arteriovenous and saccular 
aneurysm in the anterior mediastinum in- 
volving the arch of the aorta and the innomi- 
nate and subclavian vessels which at opera- 
tion was found to be inoperable. In each case 
the clavicle was excised subperiosteally, care 
being taken to preserve the periosteum intact. 
In 1 case the periosteum was also transected 
in order to facilitate exposure. The bone was 
divided with a Gigli saw. The excised seg- 
ment was covered with sterile normal salt so- 
lution. After the vascular surgery was com- 
pleted, the removed clavicle was converted in- 
to small bone chips 2 to 3 millimeters in diam- 
eter with a rongeur. These were packed into 
the periosteal bed and the periosteum was 





films themselves reveals definite callus formation in cases 
which are portrayed in b and c, though this is not evident 
in the reproductions. 


closed over them with interrupted sutures of 
fine silk. Ordinarily, sufficient bone chips 
could be obtained from a half or two thirds of 
the resected clavicle. The soft tissues were 
then approximated in the usual manner with 
interrupted silk sutures. It should be pointed 
out that in 1 instance the excised clavicle was 
inadvertently dropped on the floor and was 
converted into chips after being autoclaved. 

The patients were kept in bed for 2 weeks. 
For the most part they were asked to lie flat 
on their backs with the shoulders held well 
back, although they were allowed to assume 
other positions occasionally after the first few 
days. No external immobilization was used. 
During the third week they were allowed to 
get up but were encouraged to rest a consider- 
able part of the time on their backs. Definite 
firmness was noted in the region of the resect- 
ed clavicle even sooner than was the case in 
patients who had undergone similar resections 
without replacement of bone chips. 

Osseous regeneration was rapid and com- 
plete. Three of the patients were examined 3 
weeks after operation (Fig. 1). In 2 of them 
there was already some evidence of callus 
formation at this early date. One was exam- 
ined 7 weeks after operation and showed pro- 
gressing union (Fig. 2a). In another there was 
evidence of good regeneration 11 weeks after 
operation (Fig. 2b). Complete regeneration 
was apparent in the remaining 2 patients who 
were examined 16 and 18 weeks after opera- 
tion (Figs. 2c and 2d). 
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Fig. 2. Roentgenograms taken, a, 7, b, 11, c, 16, and d, 18 weeks after operations 
in cases in which bone chips were placed in the periosteal bed. It is apparent that ex- 
cellent bone regeneration is occurring in a and that regeneration is complete in the 


other 3 cases. 


In contrast are the results of roentgenolog- 
ical examination in 10 other patients in whom 
subperiosteal resection without the use of bone 
chips had been carried out. In 6 patients there 
was no evidence of bony regeneration on the 
last examination, made 5, 6, 7, 10, 10, and 13 
weeks after operation. One showed only a 
small amount of callus formation 27 weeks 
postoperatively. Another had evidence of a 
little callus at each end of the remaining clav- 
icle 4 weeks after resection, but had not 
achieved union 34 weeks after operation, at 
which time it appeared that the ends of the 
bone were becoming eburnated. One patient 
exhibited excellent regeneration in 8 weeks 
(Fig. 3a). In 1 there was evidence of pro- 
gressive union 12 weeks after operation and 
excellent union 29 weeks after operation (Figs. 
3b and c). Thus when these patients were 


examined at intervals of from 5 to 34 weeks 
after excision, the majority showed no callus 
formation. Furthermore, when regeneration 
occurred it sometimes proceeded from the 
ends of the remaining bone rather than through- 
out the periosteal bed as was the case with 
those in whom bone chips were used. In one 
such case it appeared that union would not be 
achieved because of eburnation of the bone 
ends (34 weeks after operation), while another 
proceeded to excellent bony union (Fig. 3c). 


DISCUSSION 


In many operations in the clavicular area 
and in the anterior mediastinum, essential ex- 
posure is facilitated by clavicular resection. 
This is particularly true in cases of aneurysm 
and arteriovenous fistula of the subclavian, 
innominate, and internal mammary vessels. 
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Fig. 3. Roentgenograms of 2 patients in whom there was 
good bony regeneration following excision of a portion of 
clavicle with simple closure of the periosteum: a, taken 8 
weeks after operation shows excellent regeneration; b, 


Frequently section or resection of the clavicle 
is necessary in explorations of the brachial 
plexus. In the latter cases simple osteotomy 
often suffices and excision of a segment of 
clavicle is unnecessary in order to secure ade- 
quate exposure. Although I have had little 
experience with clavicular section for explora- 
tion of the brachial plexus, I have seen many 
patients who have undergone such procedures. 
It is my impression that difficulties with main- 
tenance of position of the fragments with vari- 
ous methods of wire and screw fixation are suf- 
ficiently common to justify inquiry, at least, 
into the advisability of resection of a segment 
of clavicle instead. 

When a portion of clavicle is excised the in- 
cidence of difficulties in maintaining position, 
in securing union, and in avoiding pain follow- 
ing reinsertion of the intact segment and fixing 
it in place with wire sutures is so high as to 
make its use unwise. Although resection and 
discarding of the excised segment of clavicle 
with periosteal closure give excellent cosmetic 
results, stability, and good function at least 
for all but strenuous work and exercise, in 
many instances bony union is long delayed. 
My own patients have not been followed long 
enough to permit me to say what percentage 
will eventually obtain good osseous union, nor 
are such data available in the literature. In 
spite of the excellent functional results from 
such operations it is believed that the simple 
procedure of replacement of bone chips in the 


c 


taken 12 weeks after operation upon another patient shows 
good regeneration of bone but incomplete union in the mid- 
portion of the area from which bone was removed. In c, 
union is seen to be complete 29 weeks after operation. 


periosteal bed is worth while. From the small 
group of cases so treated it appears that such 
operations are followed by good cosmetic and 
functional results and by rapid and complete 
bony restoration. 

The successful use of bone chips in the peri- 
osteal bed in these cases brings up the question 
of application of this principle in other situa- 
tions where bone must be excised in order to 
facilitate exposure. It also raises the question 
whether this method may not prove a simple 
and successful one in cases of old ununited 
fractures of the clavicle. 


CONCLUSIONS 


1. Experiences are reported in 4 cases of 
clavicular resection in which rapid and com- 
plete restoration of bony continuity followed 
replacement in the periosteal bed of bone chips 
which were obtained from the excised portion 
of the clavicle. 

2. The usefulness of this prucedure in ex- 
plorations requiring resection of a segment of 
clavicle is discussed as well as certain other 
possible applications of the method. 
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CANCER OF THE CERVIX 


HE two papers appearing in this 

issue of SURGERY, GYNECOLOGY AND 

OBSTETRICS, describing the radiation 
reaction of cells seen in the vaginal secretion 
in cases of cervical carcinoma, represent a po- 
tential advance in the treatment of patients 
with this disease. The first paper concerns the 
distinguishing characteristics of cells exposed 
to radiation and their differentiation from 
unirradiated cells both normal and malignant. 
The second paper indicates a possible method 
of prognosis in cervical cancers under treat- 
ment by radiation. While the patient is still 
receiving radiation treatment, by examination 
of the vaginal secretion with special attention 
to the presence or absence of radiation reac- 
tion in the normal cells, a prognosis on the 
ultimate success of the treatment may ap- 
parently be obtained. It may be of basic 
importance that changes in the normal cells 
rather than disappearance of the malignant 
cells is the significant factor in prognosis. 


Patients in whom malignant cells were found 
to persist in the smear for some time neverthe- 
less did well if the normal cells showed an 
adequate response to radiation; on the other 
hand those patients in whom the normal 
cells showed no response to radiation did 
poorly, even though the malignant cells dis- 
appeared. 

Though admittedly the follow-up on this 
series is too short to justify a final conclusion 
as to the ultimate prognostic value of the 
vaginal smear in irradiated cases, neverthe- 
less the early work of Gluecksmann and Spear 
on the one hand and of Warren, Meigs, and 
associates on the other hand would substan- 
tiate Graham’s observations. 

If after a longer period of follow-up this 
method still offers the same prognostic ac- 
curacy, another definite forward step in the 
treatment of cervical cancer will have been 
established. Heretofore it has not been un- 
common to find, after what was believed to be 
a satisfactory clinical response to radiation, 
that cancer nevertheless recurred. Until now 
there has been no practical way of determining 
the response to radiation at the time of treat- 
ment. In patients showing minimal response 
to radiation by vaginal smear it is possible 
that roentgen therapy should be abandoned 
and a surgical attack attempted. 

In the past few years the attitude toward 
radical surgery for carcinoma of the cervix has 
undergone considerable modification. It is 
recognized that simple total hysterectomy is 
not the proper operation. Metastases to 
lymph nodes may occur early in the disease 
and therefore this operation is not adequate. 
Taussig and Bonney have shown that the 
surgical removal of lymph nodes may cure 1 
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of 5 patients. Taussig’s operation for the 
transperitoneal removal of nodes after radia- 
tion treatment of the local cervical growth has 
proved satisfactory in the hands of both 
Taussig and Morton. Recently at the Massa- 
chusetts General Hospital and the Pondville 
Hospital, a retroperitoneal operation has been 
advocated for the removal of these nodes and 
this approach has been found more satis- 
factory than the transperitoneal method of 
Taussig. The radical surgical operation has 
been proved to be safe, for in our hands one 
hundred patients have been operated upon 
without a single postoperative death. The 
bugbear of ureteral fistula has been overcome 
by greater care in preservation of the ureter’s 
blood supply. 

If Graham’s work is corroborated the sur- 
geon is offered an opportunity in radiation 
resistant cases to operate, rather than wait 
upon the results of radiation as he has had to 
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do in the past. Radical operation in this 
group of patients may salvage a certain per- 
centage that would otherwise be lost. An- 
other possibility is that by the use of the 
vaginal smear during radiation treatment the 
radiologist may be able to increase the dosage 
of radiation in certain resistant cases. 

Advances in methods of radiation treat- 
ment have also been made and Merritt’s work, 
on the use of the vaginal cone, has been cor- 
roborated and advanced by Behney. In a 
disease for which progress in treatment seemed 
almost at a standstill ten years ago the out- 
look is more encouraging. Early diagnosis of 
cancer of the cervix by vaginal smear, as 
described by Papanicolaou, together with the 
possible selection of proper cases for radiation 
or surgery —as suggested by Graham’s work— 
constitute two definite advances in the con- 
trol of cervical cancer. 

Joe VincENT MEIGs. 





THE SURGEON’S LIBRARY 


REVIEWS OF NEW BOOKS 


HE second edition of Mason and Zintel’s Pre- 

operative and Postoperative Treatment’ is a well 

balanced monograph concerned with the mod- 
ern care of the surgical patient. Its greatest value will 
be for the younger men entering on their surgical 
service. 

The new edition is divided into the general condi- 
tions which concern all surgical patients and con- 
siderations of the regional and special divisions of 
surgery. The chapters on care of the cardiac, hyper- 
tensive, and diabetic patients are excellent. Others, 
as the sections on anestheisa and treatment of shock, 
are very brief and limited in their scope and give 
only a superficial summary of these subjects. 

The indications for use of blood, the technique of 
typing and discussions of blood grouping are prac- 
tical and concise. Postoperative pulmonary com- 
plications are presented in an excellent manner. The 
section on the care of superficial burns is mainly de- 
voted to the triple dye treatment, and the use of 
antibiotics is only mentioned in a casual manner. 
The bibliography of this chapter is brief and con- 
tains only one reference as recent as 1944, four of 
1943, and the remaining fourteen to papers written 
before the war. 

The chapters devoted to the surgical specialties or 
specific regions of the body are generally good, and 
the methods advocated are sound. The sections de- 
voted to the care of the thyroid patient and that on 
thoracic conditions are practical and broad in their 
scope; other sections, as those on stomach and small 
intestine, are brief and rather superficial. The chap- 
ters on physical medicine and trauma are of little 
value to a student desiring detailed information on 
these subjects. 

The volume is well illustrated and most chapters 
include a satisfactory bibliography. The appendix 
is a helpful guide to the laboratory findings in blood 
and urine in health and disease. Harvey S. ALLEN. 


IS thorough knowledge of electrocardiography 

is clearly reflected in the extensively revised 

and expanded second edition of Doctor Katz’s book 
Electrocardiography*. The volume deals rather com- 
pletely with the entire subject and is one of the best 
single volumes vet presented on this still young sub- 
ject. The book is divided into three sections, the 


'PREOPERATIVE AND PosTOPERATIVE TREATMENT. Edited by Lt. Col. 
Robert L. Mason, M.C., A.U.S., and Harold A. Zintel, M.D. 2d ed. 
Philadelphia and London: W. B. Saunders Co., 1946. 

2ELECTROCARDIOGRAPHY; INCLUDING AN ATLAS OF ELECTROCARDIO- 
Grams. By Louis N. Katz, A.B., M.A., M.D., F.A.C.P. ad rev. ed. 
Philadelphia: Lea & Febiger, 1946. 


first dealing with the theory of electrocardiography, 
the second with a description of the normal electro- 
cardiogram and the tracings characteristic of many 
pathological conditions and toxic states, and the 
third section dealing with a description of the ar- 
rhythmias. 

Of the three sections, the first is probably the most 
difficult to read and understand and some beginners 
will no doubt become a little discouraged in trying 
to master this material. The text, however, in the 
second and third section is to be recommended even 
though at times the discussion tends to become ver- 
bose. The handling of the subjects, ventricular 
strain, coronary insufficiency, and digitalis effect, 
with the differential diagnosis of each, is excellent. 

Doctor Katz makes three noticeable exceptions 
in terminology from that recommended by the 
American Heart Association. They are the use of 
axis shift instead of deviation, intraventricular block 
instead of bundle branch block, and the use of first 
and second degree arteriovenous block instead of in- 
complete block and incomplete block with dropped 
beats. These deviations will no doubt be criticized 
by other authorities on the subject. 

The evolution of the electrocardiogram in recent 
myocardial infarction is exceedingly well presented 
and illustrated and will be of great value to the be- 
ginner as well as the advanced student. Doctor Katz 
is not in favor of the use of exercise tests, etc. in the 
attempt to diagnose transitory coronary insuffi- 
ciency. The subject of interference and dissociation 
remains a difficult subject for the average student to 
master and a difficult subject for Doctor Katz to 
present. If the reader, however, will carefully read 
and reread this chapter he will have, certainly, a 
fairly good understanding of these complex arrhyth- 
mias. 

“Summary tables” are used throughout the second 
and third sections which concisely present the salient 
features of normal and abnormal deflections of spe- 
cific patterns and of various arrhythmias. The 
author points out in his preface that these will be 
of value to the beginner, indeed, even many of the 
so-called advanced students will welcome these 
tables. 

The electrocardiograms are numerous, excellent, 
and described in detail. However, it is unfortunate 
that in many instances the print is so small that 
reading these descriptions is difficult. There is an ex- 
tensive bibliography at the end of each section which 
adds greatly to the value of this work to the ad- 
vanced student. 
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If the physician is going to own only one book on 
electrocardiography, this is probably the best one 
to have at this time. It would be of value, I believe, 
if Doctor Katz would write a small volume on elec- 
trocardiography solely for the beginner. 

Joun A. Mart. 


HE companion volume of Doctor Katz’s book 

on electrocardiography has also been re-edited, 
revised, and expanded. Exercises in Electrocardio- 
graphic Interpretation’ presents too selected cases 
with their accompanying electrocardiograms. The 
author describes his approach to an unknown cardio- 
gram and then proceeds carefully to interpret the 
166 electrocardiograms presented and to correlate 
his interpretation with the clinical story. This book 
thus makes available to the beginner, a carefully 
selected series of electrocardiograms representing 
many different but frequently encountered tracings; 
the beginner thus has the opportunity of comparing 
his own interpretations with those of Doctor Katz. 
This book will be of particular value to the physician 
who is attempting to learn electrocardiography 
without personal supervision. Joun A. Marr. 


HE author of Diseases of the Retina? presents his 

book to the internist, pediatrician, and the neu- 
rologist as well as to the ophthalmologist. He has 
emphasized the general advance in medical knowl- 
edge by presenting retinal diseases in relation to sys- 
temic disorders. The present understanding of fac- 
tors involved in arterial hypertension are presented 
according to the conception of Ricker who gives 
three stages of reaction, depending on the action of 
the agents on the vasomotor nerves: (1) simple or 
active hyperemia; (2) hyperemia with slowing of the 
blood stream; (3) stasis or cessation of the blood 
stream and the associated mechanical and chemical 
changes in the tissue. 

It is a comprehensive presentation and divided 
into eight parts: (1) diseases of the retina resulting 
from disturbances in circulation; (2) diseases of the 
retina resulting from vascular malformations; (3) 
degenerative diseases of the retina on a hereditary 
basis; (4) inflammatory diseases of the retina; (5) 
tumors of the retina; (6) diseases of the retina lead- 
ing to retinal detachment; (7) developmental anoma- 
lies of retina; (8) radiation injuries of the retina. 

A bibliography is given after each chapter and 
treatment of the various conditions discussed is con- 
sidered. It is a volume to be desired by students and 
teachers. BEULAH CUSHMAN. 


HE clinical investigation and management of the 
sterile patient is not always carried out with suf- 
ficient thoroughness by the medical profession as a 
whole. This lack is undoubtedly due to the fact that 
discussions of the many varied factors are so widely 


1EXERCISES IN ELECTROCARDIOGRAPHIC INTERPRETATION. By Louis 
N. Katz, A.B., M.A., M.D., F.A.C.P. 2d rev. ed. Philadelphia: Lea & 


Febiger, 1946 
DISEASES OF THE Retina. By Herman Elwyn, M.D. Philadelphia 


and Toronto: The Blakiston Co., 1946. 
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scattered in the literature that one finds it difficult 
to summarize all of them, to evaluate them properly, 
and translate them into an organized plan that can 
be followed. The book Diagnosis in Sterility’ com- 
piles in one unit the essential features of this prob- 
lem. 

The important and frequent part that the male 
plays in instances of sterility is stressed. Studies of 
the semen are fully described and evaluated. The 
histology of the testicular tissue obtained by biopsy 
is correlated with the semen findings. 

The section dealing with the endometrium pre- 
sents a complete and excellent review of the present 
day knowledge of that tissue. 

Other chapters consider history taking of infertile 
couples, basal temperature studies, tubal patency 
tests, postcoital examination of cervical mucus, and 
pelvic congestion. 

This book offers a ready source from which one 
can prepare a procedure for the investigation and 
treatment of sterility. Such a procedure is the first 
essential of proper treatment. 

Haroip O. Jones and Joun I. BREWER. 


pes all Gaul, Diagnostic Examination of the Eye* 
by Conrad Berens and Joshua Zuckerman is 
divided into three parts, and like Gaul a complete 
territory is covered by those Caesar-like conquerers 
of ophthalmology, the distinguished, energetic, and 
tireless authors. The result is a volume that is unique 
in its conception, awesome in its scope, comprehen- 
sive in its contents, and noble in its versatility. All of 
this is within 711 pages of attractive print, pertinent 
illustrations, good diagrams, and encyclopedic de- 
tail. Like an encyclopedia, it is not devised for read- 
ing for pleasure, although there is much in it that 
gives pleasure. Rather it is to be used with profit, 
as a reference or guide book, as an outline to be fol- 
lowed in the development of a clinical sense, as an 
instrument to develop ophthalmic canniness, and as 
a reference to turn to when something goes awry. 
The first two parts outline a step by step proce- 
dure that is designed to develop a systematic, almost 
instinctive, methodical approach to the solution of a 
patient’s ophthalmic problem. Part one takes one 
through a routine of examination during the pa- 
tient’s first visit (13 steps). It begins with the in- 
terrogation of the patient and ends with the filling in 
of the record with information that is the result of 
this methodical examination. As one climbs the 
stairs to the rear of the orbit and from thence to the 
rear of the brain, neat signs of differential diagnostic 
import are at hand, like the advertisements one sees 
on the walls of escalators in the London underground. 
As might be expected by those who know the au- 
thors and their main interest, the chapter on motor 
function (the 6th step) is outstanding and note- 


*PROCEEDINGS CONFERENCE ON DIAGNOSIS IN STERILITY. Sponsored 
by the National Committee on Maternal Health, Janu 26-27, 1045 
New York City. Edited by Earl T. Engle. Springfield, Ill.: Charles C 
Thomas, 1946. 

*DraGNostic EXAMINATION OF THE Eye. By Conrad Berens, M.D., 
F.A.C.S., and Joshua Zuckerman, M.D., C.M., F.A.C.S. Philadelphia: 
J. B. Lippincott Co., 1946. 
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worthy; perhaps the best of its kind in any of our 
ophthalmic textbooks. 

Part two (examination during the second or final 
visit) embraces the postcycloplegic test, and other 
special tests that are particularly indicated such as 
those for color vision, fusion sense and depth percep- 
tion, perimetry, and so on. 

The details of each step are meticulously outlined 
and adequately described so that one can have no 
excuse in not understanding exactly what one is 
doing and how one is doing it. The final step (20) is 
a summary outline for findings, diagnosis, advice, 
treatment, progress, and results. It would, in the 
hands of ordinary mortals, write finis to a good piece 
of work. 

But the authors, in Part three, have given us some 
of the most valuable and useful information to be 
found in the entire volume. Special methods of ex- 
amination are plainly described. Supplementary in- 
struments are taken apart before our eyes and we 
are told how to use, adjust, and fix them, too. 

Only men of great experience and wise judgment, 
who are masters of organized thinking, could have 
given us this inestimable volume for our daily use 
and advantage. And, while it was written for the 
ophthalmologist, his assistants and students, the 
general surgeon and internist will get pleasure out 
of looking into its pages and will gain a new concept 
of and respect for the magnitude of ophthalmology. 

DERRICK VAIL. 


HE book, The Principles of Neurdlogical Surgery! 

by Loyal Davis, with 192 engravings, containing 
348 illustrations and 5 plates, 4 in color, is a modern 
textbook dealing with all phases of neurological sur- 
gery. It is compact, profusely illustrated, and its 
material is well balanced. 

The third edition follows the same general plan as 
previous editions, but additions and refinements are 
evident throughout this volume. The first chapter, 
dealing with basic neurology and methods of exam- 
ination has been greatly improved, and it contains 
much more information for the medical student and 
general practitioner for whom the book was written. 
Subsequent chapters deal with practically every dis- 
ease of neurosurgical interest, and each is discussed 
briefly, but, for the most part, adequately, not only 
from the standpoint of diagnosis and treatment, but 
also from the point of view of results. This informa- 
tion is factual and reflects the critical attitude and 
mature judgment of the author. 

Subjects of general interest, such as lesions of in- 
tervertebral discs, peripheral vascular disease, and 
surgical treatment of hypertension, are presented 
with such clarity that the reader should have little 
or no trouble selecting cases suitable for neurosur- 
gical treatment. 

Outstanding among Dr. Davis’ numerous contri- 
butions to neurological surgery are his studies relat- 


‘THE ee Ry NEUROLOGICAL SurGERY. By Loyal Davis 
M.S., M.D., Ph.D., D.Sc. (Hon.). 3rd rev. ed. Philadelphia: Lea & 
Febiger, 10946. 


ing to injuries of peripheral nerves. This, together 
with the fact that during World War II he was an 
overseas consultant in neurological surgery, made it 
possible for him to include in this new edition an 
authoritative and up to date discussion, not only of 
lesions of peripheral nerves, but of traumatic lesions 
of the nervous system in general. 

Perhaps it is the duty of a reviewer to be critical, 
but I have only praise for this book. It is an out- 
standing contribution to the teaching of medical 
students and house officers, and it provides informa- 
tion ideally arranged for the busy physician and sur- 
geon whose work often requires some knowledge of 
the now broad field of neurological surgery. 

W. GayLe CRUTCHFIELD. 


iy the form of an ample series of pictures of gross 
anatomical structures, Professor Jamieson’s //lus- 
trations of Regional Anatomy*, is a very serviceable 
teaching aid. There is no accompanying text, and 
there are no directions designed to guide the dissec- 
tor. The legends are of the briefest order. To the cur- 
rent edition the author has added an index and sev- 
eral new figures. 

The illustrations are grouped in seven compact 
volumes. In each of the sections the loose leaves are 
fitted on pillars from which they are easily remov- 
able for rearrangement in any sequence which may 
meet the momentary need of the student. The pages 
are printed on one side only; the paper stock is un- 
usually good. 

The 305 illustrations cover the anatomy of the 
several subdivisions of the body: central nervous 
system, head and neck, abdomen, pelvis, thorax, 
upper limb, and lower limb. The head and neck are 
allotted the largest number of figures, the thorax the 
smallest number. 

The brain is extensively illustrated in sections; 
basal nuclei, motor and sensory areas are indicated 
diagrammatically, as are also the principal tracts, 
commissures, etc.; blood vessels, cerebral ventricles, 
and choroid plexuses are all presented with profuse 
coloring. 

The head and neck are illustrated by drawings 
which include entire dissection fields, laminar dissec- 
tions of individual sense organs, diagrammatic rep- 
resentations of nerve plexuses, and transverse and 
sagittal sections. Some of the figures would be baf- 
fling to a beginner, since they do not indicate what 
has been excluded or which layers have been re- 
moved to bring into view the stratum which the 
figure portrays. Others lose value by being so dia 
grammatic that they merely suggest, but do not 
closely resemble, the structure as it appears in the 
human body. 

The section on the abdomen contains ingeniously 
diagrammatic illustrations of the abdominal muscles 
and the inguinal canal, but some of them sacrifice 

2ILLUSTRATIONS OF REGIONAL ANATomMy. By E. B. Jamieson, M.D. 
Section 1—CrnTRAL Nervous System. Section 2—HeEap anp NEcK. 
Section 3—ABDoMEN. Section 4—Pertvis. Section 5—Tnorax. Sec- 


tion 6—Uprer Limes. Section 7—Lower Lims. 6th ed. Edinburgh: 
E. & S. Livingstone Ltd., 1946. 
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anatomical clarity for schematic vividness. The 
treatment of the inguinal region, mesenteries, blood 
vessels, kidneys, and suprarenals is highly conven- 
tional, resembling models rather than dissections 
themselves. 

The schematic drawings of the abdominal layers 
are architectural achievements, but take consider- 
able liberty with the true constitution of the parietal 
laminae. 

In the volume on the pelvis and perineum color is 
again lavishly and helpfully used, but the author’s 
order of plates is seemingly quite haphazard for a 
section of anatomy in which a knowledge of serial 
succession is of the fundamental importance. While 
the layers of the pelvic and urogenital diaphragms 
are shown in schematic clearness, they are not por- 
trayed accurately: fascial layers of the perineum are 
shown in disjunction, not as strata continuous with 
layers in adjacent regions; the relations of the pelvic 
viscera to their ligamentous, fascial, and diaphrag- 
matic supports would be of little use in training 
critical students for the practice of gynecology, 
urology, or proctology. 

In the series of plates depicting the anatomy of 
the thorax, the schematic method is utilized to 
greater advantage, since much of the important 
anatomy of the thoracic cage and of its visceral, 
vascular, and nervous contents may be taught from 
transverse and sagittal sections and from surface 
projections of organs. 

In the sections on the upper and lower extremities, 
the figures which show the areas of muscular attach- 
ment on the bones are fundamentally similar to 
those found in the standard textbooks, atlases, and 
manuals of gross anatomy. Here the order is the 
logical one of successive layers, from cutaneous 
nerves, superficial veins, and fascial sleeves, through 
progressively deeper layers of muscle. In the sim- 
pler figures, for example, those dealing with the 
synovial sheaths of the hand and foot, the schematic 
plan is utilized to great advantage; but when the 
same device is employed to show the tendons, nerves, 
vessels, and niuscles, the collection of transected 
structures forms a somewhat bewildering assem- 
blage. 

The colors employed in the illustrations seem un- 
necessarily garrish. However, the reader cannot 
blame either the author or illustrator for indulging 
in such innocent gaiety, when chromatic feasts of 
this nature are so rare in the staid history of ana- 
tomic illustration. 

Taken as a whole, Jllustrations ‘of Regional Anat- 
omy is a useful adjunct to the student’s regular ana- 
tomical library; it treats of the kind of anatomy 
which is customarily presented in charts. Its graphic 
character is analytical of the standard type illustra- 
tion or take-apart models found in all fully equipped 
laboratories. The volumes of figures serve as a link 
between the standard atlas which the student uses 
at the dissection table and the blackboard drawings 
which are regularly a feature of the lecture in gross 
anatomy. BARRY ANSON. 


- the 200 hundred page monograph Early A mbula- 
tion and Related Procedures in Surgical Manage- 
ment' by Leithauser the author reviews the history 
and development of early ambulation, making no 
claim for priority. Early ambulation as described 
consists in requiring the patient to be out of bed for 
standing, coughing, and walking at frequent inter- 
vals starting from 4 to 8 hours after operation. These 
brief periods of activity are separated by longer 
periods of rest flat in bed. Profound shock, uncon- 


_ trolled hemorrhage, imminent death, rectus muscle 


incisions, and improperly closed incisions are be- 
lieved to be the only contraindications to this type 
of treatment. 

Pulmonary, circulatory and gastrointestinal com- 
plications are discussed in some detail and are be- 
lieved to be eliminated or reduced by early ambula- 
tion. Psychological and economic advantages accrue 
under this management. 

The author’s routine care is described, including 
types of incision, suture material, and wound clo- 
sure believed essential if early ambulation is to be 
used. His personal experience in the case of 2,047 
patients in whom early ambulation was used is 
summarized. These reports are wholly favorable 
and a strong argument is made for this type of 
management. 

Many surgeons will find objection to early am- 
bulation in such cases as active peritonitis or 
empyema of the gall bladder. The method, however, 
deserves the careful study of all surgeons. 

Tomas C. Douc ass. 


HE moderately sized book Treatment of Bronchial 

Asthma? is written by many authors. It is made 
up of 23 chapters, some of which are excellent and 
some quite inadequate. The outstanding chapters 
are probably those on the history of bronchial asth- 
ma, statistics, anatomy and physiology, house dust, 
pollen and fungi, food allergy, parasites, psychogenic 
factors, differential diagnosis, surgical treatment, 
complications and cardiac asthma. 

The ‘‘Treatment of Bronchial Asthma,”’ the title 
of the book, is hardly adequate. The information 
given is accurate but insufficient. Indications and 
directions for treatment are not clear enough for the 
general practitioner or medical student. It is unfor- 
tunate that there are no case reports, and that al- 
though directions for treatment of patients allergic 
to pollens or house dust are given, practically nothing 
is said about those allergic to horse dander, cotton- 
seed, farm dusts, and other important causes of 
asthma. The use of tetanus toxoid is not mentioned. 
By including these omissions in a second edition, this 
book would be a “must’’ in the library of all inter- 
ested in asthma and related subjects. 

LEON UNGER. 


1EaRLY AMBULATION AND RELATED PRrocEDURES IN SURGICAL MAN- 
AGEMENT. By Daniel J. Leithauser, M.D., F.A.C.S. Springfield, Ill: 
Charles C. Thomas, 1946. : 

2TREATMENT oF Broncuta. AstHMa. By Vincent J. Derbes, M.D., 
and Hugo T. Engelhardt, M.D., F.A.C.P. With chapters by 19 con- 
tributors. Philadelphia, London, Montreal: J. B. Lippincott Co., 1946. 
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ROM the University of Havana Clinica y Labora- 

torio' is a critical interpretation of the methods 
used in the clinical laboratory and the results thereof. 
Sections are devoted to all of the subjects usually 
considered in a work of this type. In addition, much 
space is given to the field of mycology. There are 
chapters on biopsies, allergy tests, and medical toxi- 
cology which are necessarily incomplete. An exten- 
sive bibliography refers to both the English and 
Spanish literature, and the author frequently ap- 
praises the value of the references listed. 

Pittaluga’s aim is to acquaint medical men with 
the value of the standard laboratory procedures, and 
he does not intend to describe in detail all of the 
methods discussed. When several methods are avail- 
able for performing a given examination, he dis- 
cusses their relative merits and expresses his prefer- 
ence. To aid the clinician in intelligent utilization of 
the laboratory, background material from the fields 
of physiology, biochemistry, and pathology is sup- 
plied. 

This book is not to be regarded as a manual of 
laboratory procedure nor as a complete treatise on 
clinical pathology, but serves well its expressed pur- 
pose of acquainting the general medical man with 
the usefulness of the various clinical laboratory 
methods. Aura P. DuKE. 


“THE compendium The Chest? by Dr. Leo Rigler 
provides a review of thoracic roentgen diagnosis 
and is likewise useful as an atlas for ready reference, 
since its 350 odd pages are replete with illustrations 
of superb clarity and photographic excellence. 

The entire thorax is not included in specific detail; 


the heart and diaphragm, for example, are discussed 
only insofar as they are implicated in considerations 
of other thoracic viscera or regions. From the stand- 
point, however, of the physician or surgeon inter- 
ested in chest diseases, the field is well covered. 

Roentgen examination methods and techniques 
are concisely presented from the practical viewpoint 
of the needs of the clinician, the indications, advan- 
tages, and limitations of each means of study being 
given. A minimum of technical physical data is in- 
cluded. 

Twenty-five pages are devoted to the “‘normal”’ 
chest, the anatomic variants or anomalies which 
may have no clinical significance are discussed, and 
numerous extraneous causes for the production of 
artefacts which should not be interpreted as intra- 
thoracic lesions are pointed out. Thoracic physiology 
is briefly reviewed and the principles governing 
mediastinal shift and mediastinal movements, as in 
obstructive emphysema, are pointed out. 

_ The pathologic conditions presented and discussed 
include principally those of the bronchi, lungs, 
mediastinum, and pleura. A brief, concise, general 
presentation of the subject matter in didactic style 
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precedes the main feature in this volume, which is 
illustrative roentgenograms. A detailed description 
of these illustrations accompanies them on opposite 
pages. 

If criticism is to be made of this work it would be 
in the arrangement of the didactic introductory ma- 
terial in its relation to the illustrations. They do not 
always follow the same scheme of presentation. For 
example, the discussion of the ‘‘normal chest’’ is in- 
terrupted at page 36 by numerous illustrations, to 
be resumed only on page 44. This factor is minimized 
by suitable annotations directing the reader to the 
proper page for preservation of continuity. Errors in 
the body of the subject matter might be pointed out 
but they are minor and not consistent. 

This volume is beautifully printed, the roentgeno- 
grams are faultlessly reproduced, and to have se- 
cured such admirably clear cases for illustration and 
in such generous numbers is indeed remarkable. The 
purpose for which this material was compiled has 
been wholly satisfied. Hiram T. LANGSTON. 


A VERY important book for general surgeons and 
gynecologists has been written by Richard 
Te Linde.’ He has endeavored to describe nearly all 
methods of operative approach to gynecological con- 
ditions, simple and complicated. By using his own 
artist and also selecting the drawings from well illus- 
trated articles by other operators he has covered the 
field beautifully. There are very few criticisms pos- 
sible in a volume of this size and magnitude. The 
book is unquestionably up-to-date, and all new oper- 
ative methods are well described and illustrated. It 
does not purport to be an atlas for besides the illus- 
trations, both line drawings and half tones, there is 
an extensive text giving descriptions of the lesions, 
their symptoms, diagnosis, etiology, and treatment. 

For the practitioner who is dependent upon text- 
books for aid in attacking a given problem this book 
gives excellent advice, very satisfactory reviews of 
the current opinions, and sound advice as to proce- 
dures, with these are excellent illustrations of the 
surgical technique. In most texts of gynecology, 
satisfactorily illustrated operative technique is omit- 
ted but in this book operative technique is stressed. 

This is an excellent book and one that can be rec- 
ommended with great enthusiasm. 

Jor V. MEIcs. 


HE small monograph, Diseases of the Basal Ganglia 

and Subthalamic Nuclei* reprinted from the Ox- 
ford Loose-Leaf Medicine, has recently been pub- 
lished in attractive book form, and it is an up-to-date 
treatise on a very difficult subject by one of the 
country’s best informed neurologists and investi- 
gators of neurologic problems. Anyone who would 
attempt an elucidation of the subject of disease of 
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the basal ganglia must necessarily be not only a 
clear thinking person, but, more simply, a brave 
man. This work, after a brief consideration of the 
anatomy, physiology, and pathology of the basal 
ganglia in man, discusses individually, as to defini- 
tion, etiology, history, symptoms, physical findings, 
course and treatment, the following diseases: paraly- 
sis agitans, progressive atrophy of the globus pal- 
lidus, the various forms of parkinsonism, hepato- 
lenticular degeneration, dystonia musculorum de- 
formans, the athetoid states, Huntington’s chorea, 
and other forms of adult chorea. The discussion of 
hepatolenticular degeneration (Wilson’s disease; pro- 
gressive lenticular degeneration) is a particularly 
lucid and instructive one. Though the section deal- 
ing with this syndrome occupies only 21 pages, the 
reader is given full understanding of the clinical 
signs, and particularly of the pathological changes 
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in the brain and liver. In that section, as throughout 
the book, the older, “basic’”’ literature has been 
studied and quoted freely, as well as all the perti- 
nent literature of a more recent date. 

This reviewer is left not only with a clearer knowl- 
edge of the fundamental signs and changes in the 
disease states of the basal ganglia, but also with the 
rather depressing knowledge that while more and 
increasing information is added yearly to the funda- 
mental approaches to the causes and effects of these 
diseases, there is still little that can be accomplished 
by either medical or surgical treatment. 

This book is not easy reading. It is not one for 
the casual reader, but rather one for the student 
specifically interested in the subject. It can be used 
as source material not only because of the original 
content, but also because of the exhaustive bibliog- 
raphy which is appended. Joun Martin. 
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